AD-A139 530  FINITE ELEMENT MODEL FOR NONAXISYMMETRIC STRUCTURE WITH
RATE DEPENDENT YI..(U) ILLINOIS UNIV AT URBANA DEPT OF
AERONAUTICAL AND ASTRONAUTICA.. A R ZAK FEB 84

UNCLASSIFIED ARBRL-CR-00524 DAAK11-82-C-0007 F/G 20/11

NL

END

oare |
uto

2’




t.;m_._

HEEF] 4:

r m—m_m_m_umuum -

EEE

e
——
e —
——

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-i963-A

.
:
.

it v AL iy A9 ¥ o e ERE eaitmte PP I D L SNEE:

iy o0




a&

e e o b sttt e vl
o R R e

ADF 300 393

AD A139530

CONTRACT REPORT ARBRL-CR-00524

FINITE ELEMENT MODEL FOR NONAXISYMMETRIC
STRUCTURE WITH RATE DEPENDENT
YIELD CONDITIONS

Prepared by

University of 1llinois
Aeronautical and Astronautical Engineering Dept.
Urbana, |llinois 61801

February 1984

US ARMY ARMAMENT RESEARCH AND DEVELOPMENT CENTER
BALLISTIC RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MARYLAND

Approved for public release; distribution unlimited. T‘C

E‘ rc‘»
MAR161984




f Destroy this report when it is no longer needed.
‘% Do not return it to the originator.

Additional copies of this report may be obtained
from the National Technical Information Service,

U. S. Department of Commerce, Springfield, Virginia
22161.

s 00 R L

— -

The findings in this report are not to be construed as
an official Department of the Army position, unless
so designated by other authorized documents.

‘ . The use of trade names or maufacturers' names in this report
! . dose not oometitute inzoreement of any oommercial product.




== S ————————

¢ | UNCLASSIFIED
! g SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
L REPORT DOCUMENTATION PAGE BER D R o rORM
k ff 1. REPORT NUMBER 2. GOVY ACCESSION NOJ 3. kEbPIENT's CATALOG NUMBER
» ARBRL-CR-00524 ﬁ.@tﬂm
4. TITLE (and Subtitie) 5. TYPE OF REPORT & PERIOD COVERED

FINITE ELEMENT MODEL FOR NONAXISYMMETRIC STRUCTURE| Final Report

; WITH RATE DEPENDENT YIELD CONDITIONS 6. PERFORMING ORG. REPORT NUMBER
* 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(a)
B ADAM R. ZAK DAAK11-82-C-0007
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT TASK

. . R N AREA & WORK UN!T NUMBER
Iiniversitv of I1linois

Aeronautical and Astronautical Engineering Dept.

o Urbana, Illinois

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Armv AMCCOM, ARDC February 1984 ;
3 Ballistic Research Laboratory, ATTN: DRSMC-BLA-S(A)['3 NUMBER OF PAGES !
. Aberdeen Proving Ground, MD 21005 77 @

T4. " MONITORING AGENCY NAME & ADDRESS(If different from Controlling Oltlice) 1S. SECURITY CL ASS. (of this report)

UNCLASSIFIED
15a. DECLASSIFICATION/DOWNGRADING
SCHEDULE

st
&

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

' 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, it different from Report)

18. SUPPLEMENTARY NOTES

DY WP

e o

*

19. KEY WORDS (Continue on reverse side if necessary and identity dy dlock number)
Stress Analysis

Finite Element
. Plasticity
Rate-Dependent Yield Stress
Anisotropic Yield Conditions
20. ABSTRACT (Cantfave en reverse shie N awd identity by block ™ Tk

—2A previously derived model of rate—dependent plasticity is modified for use
in a finite element stress analysis code. The code allows nearly axisymmetric
bodies to be analyzed by a perturbation of the symmetric solution. It contains
anisotropic yield conditions. The formulation of rate effect is added to the
code and a test problem of a uniaxial tensile experiment is solved.
Convergence to the exact solution is shown.E;‘

DD , un .,, MT3 €0IMON OF 1 NOV 68 1S OBSOLETE UNCLASSIFIED
SECUMTY CLASSIFICATION OF TNIS PAGE (When Date Entered)




TABLE OF CONTENTS

I. INTRODUCTION. . . ¢ v o o o« o o s o o o s o o » o s o o o « o o
II. RATE DEPENDENT MATERIAL MODEL . . . & ¢ ¢ o ¢ o o o « o o o o &
I1I. NUMERICAL CALCULATIONS. . . & ¢ ¢ o ¢ o o o o o = o s s o o s o

REFERENCES. . . . ¢ & & 4 v o 4 v ¢ o o o o s o o s o o o o o @

APPENDIX A . + v o o o o o e e e e e e e e e e e e e e
DISTRIBUTION LIST « « « « v o & o + o o o o o o o o o o o « o &
‘ Accession For
' NTIS GRA&I H
DTIC TAB (¢
3 Unanncunced | i’,’! o
Justificattio .8
By.
: Distribution/
Availability Codes
" JAvzil and/or
Dist Special

1 41

725 <« 000 s

o R R N

-



I. INTRODUCTION

The objective of the present investigation is to develop a finite element
model and computer program for the purpose of handling elastic-plastic
; material with rate-dependent yield conditions. The effort is in two

p _ parts. The first part involves the analytical development in which the

K appropriate incremental, stress-strain relations are developed. The second

e : part of the effort involves developing a finite element computer program
which incorporates the analytical development. This computer program will
be based on previously develspgd, approximate three-dimensional elastic-
plastic computer code, SANX.“’” The code SANX is designed to perform

§ . structural analysis on cylindrical configurations which are approximately

3 axisymmetric and which have definite nonaxisymmetric features. The code

SANX was developed both for elastic and elastic-plastic materials with no

time dependent properties.Zs3

The starting point for the development 2f a three-dimensional finite
element code is the one-dimensional analysis® which formulates the visco-
plastic response in terms of the effective plastic strain. This approach
is extended to the development of the three-dimensional model in the
present investigation.

R 1. W.H. Drysdale, 'A Theory of Rate Dependent Plasticity," Ballistic
* ; Research Laboratory Report, APG, MD. (Forthcoming)
CoL 2. A.R. Zak, J.N. Craddock and W.H. Drysdale, '""An Elastic-Plastic Analysis

of Non-Axisymmetric Structures," International Journal of Computers

and Structures, vol. 10, pp. 841-846, 1979.

3. J.N. Craddock and A.R. Zak, "An Approximate Finite Element Method of
Stress Analysis of Non-Axisymmetric Bodies with Elastic-Plastic

! Materials," Technical Rept. UILU-ENG 79 0501, Aeronautical § Astronautical

! Engineering Dept., University of Illinois, Urbana, March 1979.
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IT. RATE DEPENDENT MATERIAL MODEL

The rate dependent plasticity model was introduced for isotropic
material and used in the analysis of uniaxial stress case.l The same
model will be used in the present investigation with a slight modification
to allow for use with orthotropic materials“’“ when needed. The yield
condition for orthotropic materials will be represented by Hill's criterion
and this reduces to the octahedral shear stress criterion in the limit for
isotropic materials.l

2

Using the rate dependent model for the yield criterion1 the yield
function is taken in the form:

- = K(eP

f(oij alJ) K(eij) 1)
where a;; represents the strain hardening parameters. The rate dependence
is defifidd by the function K which is represented by:

KEE,) = [1 + bInt + &5 €1’ 2)

Equation (2) is an empirical formula which contains material constants b
and éo‘ The dependence of K on the rate is through the variable eP which

will be defined later as the effective plastic strain rate. It may be noted
that for isotropic materiall the function K in equation (2) is multiplied by
the square of the uniaxial yield stress at zero rate. In the case of the
orthotropic material there are, in general, six yield stresses and it is

not possible to separate one stress from the yield condition. The six yield
stresses are included in the function f on the left hand side of equation (2).
Using equation (2) to represent rate dependent yield condition for orthotropic
materials implies an assumption that each yield stress is dependent on the
rate by the same relation to the effective plastic strain rate.

The next step in the development is to obtain an incremental stress-
strain relation. From the plastic flow rule the plastic strain changes
are related to derivative of yield function?:

P . of
deij dA aoij (3)

Using the definition of kinematic strain hardening:

_ P _ of
d(!ij = Cdeij = Cd)\ﬁ-ag 4)

where C is the strain hardening parameter.2 During the incremental plastic
deformation the stress and strain changes must remain on the yield surface
and, therefore, from equation (2):

of of oK .
— do.. + da,. - — del. = 0 (5)
acij ij aaij ij aeij ij
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It can be shown2 that:

ol Q

ij ij
and, therefore, combining equations (4) and (6) with (5) gives:

of

aoij

f of 93K P
. s dA = 7
do;) ¢ 30 BE;j 3€§j de ij 0 ™

Solving for the parameter dA from equation (7):

1
of aK )
dA = T oF 3 [&T" d, . - -7—de..] (8)
c aaij 5°ij ij i aegj 4

Combining equations (3) and (8) and changing the repeated indices in
equation (8), for clarity, gives the incremental change in the plastic

strain:
1
of 9K cP of
deP. = Tof  of [-&,——do LS ]53— (9)
Hoc 30y, 30, - m afm " Ty

Consider now the elastic stress-strain relation for incremental changes:

do NCE - deP (10)

ij = Eijk k1)

where Ejjk) represents elastic material propertiesz matrix and deg; the
total strain changes.

Returning to equation (7) and substituting for do1j from equation (10) and
rearranging gives-

K .
dA = D[ de de; . ] (11)
ao Eisa%ea - op 9615
‘ i k)
: where D is by definition:
of of 3f 12)

D= [C . =
aoij 301j 1j 1jk1 30k1
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Substituting equation (11) into equation (10) gives:

) o  of
dogs = [Ejjx1 = PEyjrsEmk1 56;;‘56;;4 degy
9 3K e
+ DE,. s —— d€ (13)
ijrs aors e kl

k1

Using shorthand notation previously introduced for elastic-plastic materials2
permits writing equation (13) in a short form:

of 9K *p

de,, + DE;. = =— —/—de
ijrs 3ors aezl k1

Ajia (14)

doyy = X1

It may be noted that if the strain rate term is neglected on the right hand
side of equation (14), then the remaining terms represent the relation be-
tween total incremental stress and strain changes for elastic-plastic material
used in SANX model. The next step in the development of the rate dependent
model is to introduce the effective plastic strain increment defined by:

P_ 7 P 4.P
de 2/3 deijdeij (15)
The objective of this will be to use this concept to replace the strain rate
term on the right hand side of equation (14). Using flow rule, equation (3),
in equation (15) results in:

dep = d\ "2/3 of _ of (16)

Returning to the yield function and the function K, an incremental change in
this parameter can now be written as:

K _ ,op _ K *EP _op
dk = —— de!, = — —=— d¢ (17)
°p ij P Al ij
%] 3¢ aegj
But:
.p [ ] [ )
%€ __ 4P . goP (18)
acP ij
ij
Therefore:
aK P _ 3K __op
S iy T gl (19)
eij €
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Returning now to equation (7) and substituting for dA\ from equation (16) and
using equation (19) results in:

deP
of of of _ 9K
do,. - Ca——ae— * V,  OF O3F_ aeP = 0 (20)
By M Ty Wy WSmne, R

The second term in equatlon (20) can be simplified and equation rearranged as
follows:

aK

B a P,3s2c” /3 8535 P 2
ae

— do (21)
aolJ 0, . 1j aoiJ ij

Equation (21) can be compared directly to equation (III.S5a) of Reference 1,
for isotropic materials, with the following substitutions:

3
X .30, X (22)
3 Y aeP ‘_
and
3 _of .
" 2/3 %og; o35 2/30, (23)

Before proceeding further with equation (21) it is useful to obtain the
expression for rate of change of K. Using equation (2) and differentiating:

K_ . 2[1 + bln(1 + -—-)] b
3¢ eo e +cP

(24)

Consider now equation (21) and apply it to an interval of loading over
which the rate of change of stress is represented by a constant.

General equation (21) has variable coefficients. However, if it is applied
to a small interval of loading the coefficients can be assumed to be constant
over this interval. Over such interval the stress variation can be approximated
by a linear variation with time:

dgij = oijdt (25)

vhere 51 are constant rates and time t is measured from the beginning of the
interval. Equation (21) can now be reduced to an ordinary differential equation
over a small time interval. This is done by substituting:




op de

de*r = I dt
, |
acP = 3 a (26)

Using equations (25) and (26) in (21) and cancelling dt:

X _P,3pc” 2/37‘;{ gg eP = gg 3, ; 27N
2P ij “%i; ij Y
The solution to equation (27) can be shown to be of the following form:
e? = At + k, + ko N (28)
where by definition:
_of - 4 of of
A"a‘o..°ij/(3/2c 2/3'33'.'."50.—.)
1} ij ij
r=3/2c” 3£ [ K (29)

955 955/ ae

and k; and k; are unknown constants. Time t is measured from the start of
the interval. The constants k) and k; are evaluated from the conditions at
the start of the interval:

att =0

P . P
€ €

eP = €} (30)
Using equations (30) to evaluate k1 and k2 gives:
= -1 - ¢P
k eg X A-e)
k,=L@a-é&P (31)
2 X o

Substituting into equation (28) for kl and kz results:

fPaace Poda-Bha- e (32)

10
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Differentiating equation (32) gives the rate of change:

= e v womg o

efan- (- é';)a"‘t (33)

Consider now a time interval t=0 to t=At and use equation (33) to obtain the
change of the effective plastic strain rate:

2P _ P _ 2P
de € 4

= -Ha - MY (34)

Returning to the incremental stress-strain relation and substituting first

for the rate term from equation (19) and then expressing deP from equation (34)
gives the following:

2 do;; = Ajjk19k
4 af 3K
ijrs Bors %

AAt

+ DE (A - ég)(x - e™M8Y (35)

A B e s

Equation (35) is now a suitable incremental relation over a load time step

At which gives the change in stress in terms of change in total strain and in
terms of parameters which can be calculated from previous time step. The
second term on the right hand side of equation (35) represents the rate effects
and, in the finite element model, it will contribute to the body force.

PN S
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III. NUMERICAL CALCULATIONS

The analytical development of the previous section has been incor-
porated into the elastic-plastic version of the SANX computer code.
The basic arrangement of the SANX code has been retained. The main changes
to the program involve changes in the Subroutine ELPLSS which assembles
the incremental plastic stress-strain relations. In the new version the
incremental stress-strain relations are based on the equation (35). The
basic input procedure for the new SANX is the same as the original code
except for the first input card. This card has been modified to input
the rate dependent material parameters b, € defined in equation (2), and
the time interval At needed for the time deSendent incremental solution.

The first input card in the original elastic-plastic SANX was:
Card 1 (Original)
Format (2110)

Columns 1-10 NTOTS
Number of segments (8 maximum)

11-20 NOLINC
Number of load increments

The new input card is:
Card 1 (New)
Format (2110,3E12.6)
Colums 1-10 NTOTS
11-20 NOLINC

21-32 DELTIM
Time increment At

33-44 BVR
Material parameter b

45-56 EVR .
Material parameter €

In order to check the new program constant stress rate was applied
to sample examples which simulates uniaxial loading and the results were
compared to those obtained from uniaxial solution of Reference 1. The
uniaxial analysis of Reference 1 is in two parts. The first part is an
incremental uniaxial solution and the second is an exact solution for
constant stress or strain rate loading. The incremental solution of
Reference 1 was first compared to the exact solution and it was found
that modifications were necessary to the incremental solution to make it
agree with the exact formulation. The comparison of the results from the
three-dimensional SANX program are made to the modified incremental,
uniaxial formulation.

- 12
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The first comparison was made between the uniaxial incremental
solution and the uniaxial exact solution from Reference 1. The purpose
of this comparison was to establish the effect on the accuracy of the
size of the load steps at various stress rates. Figure 1 shows these
results where the incremental and the exact solutions are shown for a
wide range of stress rates. The results are presented both in Metric
and British units. The Metric units are given in parentheses directly
under the corresponding British units. Figure 1 presents results for
two load steps of 2x10° psi (13.7 GPa) and 8x103 psi (55.1 GPa). The
time step At was adjusted to give the desired stress rate. These results
are for the following material parameters:

rate-dependent yield parameters;

b= 3.67 x 1072
= 3. 2

elastic modulus;
E = 16.8 x 10° psi (115.7 GPa)

strain hardening parameter;

C = 0.259 x 10°

yield stress;

o, = 133 x 10° psi (0.916 GPa)

Comparing solutions in Figure 1 it can be seen that relatively good agree-
ment exists between exact and incremental solutions. This is especially
true for the smaller load step of 2x10” psi (13.7 GPa). It is expected
that smaller load steps will give more accurate results.

The next comparison involved using the new three-dimensional computer
program to analyze a uniaxial situation composed of a cylindrical body
subject to axial load. The results are compared to the exact uniaxial
solution of Reference 1. These results are presented in Figure 2 for the
two different load step sizes used in Figure 1. As in Figure 1, the results
are presented in two different systems of units. It is expected that the
results in Figure 2 should duplicate results in Figure 1 if the three-
dimensional code is working properly. It can be seen that the results

between uniaxial incremental solution and the finite element program are
almost identical.
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' Figure 1. Comparison of uniaxial incremental and exact solutions

for different stress rates and different load steps.
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Figure 2. Comparison of three-dimensional incremental solution
and exact uniaxial solution for different stress rates
and load steps.
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PROGRAM SAMNKUAC THFUTTsOUTFUT  TAMES=IHRFU T, TArES=0UTFUT s TAPELS
1 TAFEJrfAFEavTArL;u»
2TAFPE21TAFER ~Thfr'“
CE X ¥ ¥ X X & % K X % % % % % ¥ ¥ ¥ ¥ ¥ ¥ %X ¥ ¥ ¥ % ¥ ¥ ¥ ¥¥«x% * X X X
ERLESC FINITE ELEMENT STRESS ANALYSIS OF AXISCYMHETRIC,
PLANE STRAIN» AND FLANE STRESS S0LIDS WITH GRTHOTROEICY
TEMPERATURE-UEPECNTENT MATERIAL FROPERTICES :
¥k K ¥ % ¥ ¥ K ¥ % X % ok X ¥ X ¥ X K X ¥ ¥ ¥ ¥ ¥ ¥ ¥ K ¥ ¥ X K ¥ K X X
INTEGER CODIE
COMMON/VISC/EPSTN 1291058 Y»SICUFC S ) s HEPSR( S 1258 s DELTIN
COMMON/RATE/DKFRYySIGFRs BURYEVR s FSRATES 10’8)’N“ﬁ‘h
COMMON/INCR/NOLINC  NOL » INERTy NUNKAT»SIGTOT( 12 493
1 JEFSTOT(12y 4,8)
COMMON/FLAS/ALFA{ Sy 438 ) SIGYLI( 79598 )5 IFGPL 4+8)
COMMON/ROCON/NRDF »NREQ( 18 )+URES( 18)
COMMON/NFUATA/R{ 10  )sCODE{10 )sXR(10Q ) Z{10 )eXZ(10 )»
INPNUM( 4y 8)9T¢(10  DeXT(10 ) .
COMMON/ARG/RRR(S )2 ZZZ(S)»yRR{4)9yZZ{ 4295 15515 ) F(15)sTT( 4 )y
IH( G915 )yCRZ( A6 I s XIC10)yANGLEC 4)»SIG{18)EFS( 189N
COMMON/ELUATA/BRETAC 10  D)yEPR{10 J)sFR{4 ))SH( 4L )sIX(8 £S5 )
1IPC4  )yJdPC4 )2 IS(4  )yJS{4  DsALPHACLID Y2 IT{4 ) JT(4 )
28T(4 )
COMMON/RASIC/ACELZ y ANGVEL s ANGACC s TREF 5 VCL y HUNNF s NUMEL »HUNPC » NUISSC
INUMST
COMMON/NXMESH/THETAN( 8 )yNPC(8+8)
COMMON/ANS 1 /NUMELS( 8 )y NUMNPS(B)
COMMON/NXDATA/NTP s NTSYyNTUTS»GTS1G( 2452458
COMMON/ NUNAXI/SI’30!30)1P1(30)!THETR;*Dl(b;uﬂ)
COMMON/SOLVE/ZX(888),Y{ 888 )y TEM{ 888 ) NUMTC s ¥RAN
COMMON/TI/IMINC 100 ) IMAXC 100 ) JMINC 2T )y JMAX( 2 5)!hAXIvVAXJ9NﬁTL!NBC
COMMON/CONVRG/ITGNE
COMMON/FPLANE/NPP
COMMOM/RESULT/BS( 8915 )T 635 )7C{ 626 AR BB 5P )OS 65 8)
COMMON/MATF/RD(6)IEC 121428 )sEET 146 )»A0FTS{ 4)
COMMON/NXSOLV/SKCEL 36 +24)yFTGL L32)yFTOT(132),IT70T7
DIMENSION TITLEC20)
CX X % X X ¥ % % % % %X ¥ % £ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ X ¥ ¥
" READ AND' WRITE CONTROL INFORMATION .
CE X ¥ X X X X ¥ % X X % % % X ¥ X X & ¥ ¥ ¥ % % % X ¥ ¥ § ¥ ¥ X % %X X ¥
REAT(S+3000) NTOTSsNOLINC,DELTIM» BURSEUR
WRITE(A+3017) BURSEVR
3017 FORMAT{IH »® BUR = "LE12,49" EVR = ",E12,4
[0 150 I=1,NTOTS
150 REAIK 5+3001) THETANCI)
DO 152 I= 1sNTOTS
152 READM Gs3002) (NFCLTIsJ)sJ=1+8)
3000 FUFHAT(“IIOv E12.8)
3001 FORMAT(F10,5,110)
3002 FORMAT(BI10)
FEWIND 15 -
REWINMD 26
REWIND 21
REWIND 25
WRITEC(&23010)
3010 FORMAT(" 1" "SEGMENT DATA FOR NONAXISYMMETRIC FRDORLEN")
WRITECS3D011) NTOTS oNOLINC +LBELTIM
3011 FORMAT(™ "y" NUMRER OF TOTAL SEGHENTS ="y I0y/ /0
* RUMBER OF LOAL INCREMENTS ="49199//»
" TIHE INMCREMENT =",E15.8)

OMeMD

(RN ]




IO 153 I=1,NTCTS
MRITE( 6,3012) I>THETAN(I) R |
3012 FORMAT(™ "5///»" SEGMENT TYPE =",15/s" THETA = "sF10.5)
™ 153 CONTINUE
D0 154 I=1,NTOTS
. 154 WRITEC6,3014)I,(HPC(Isd)yJ=1,8) -
3014 FORMAT(" “,"CONNECTING NODES FOR SEGHENT",IS," ARE",8I35)
N0 910 NOL=1,NOLIN <
WRITE( 6,2030) NOL
REWIND 15
[0 950 NTP = 1,NTOTS
THETA= THETAN(NTF) . /57.295780
IF(NOL.NE.1)G0 TO 525
50 READNS5»1000 )TITLE,NNLAsNUMTC s NUMMAT» NUMFC s NUMSC » NUNST) TREF
1» INERT »NLINC» INCI» INCFs IPLOT
MRITE( 652000 )TITLE » NNLA»NUMTC » NUMMAT » NUHPC NUMSC » HUHST TREF » INERT

i
%

INLINC
MRITE( 15 INUMTC s NUMMAT » NUMPC » NUMSC » TREF » INERT » INCI » INCF
NPP=0
CE X X X % X X K X K K X X K X X X K ¥ X XX XXX K XX XKXK X% XX
c CENERATE FINITE ELEMENT MESH

CE X X X X X X X X X %k X % X %X X X X &k %X %X X ¥ ¥ ¥ %X X ¥ X X% %X % % X
100 CALL MESH
DO 155 I=1,NUMEL
IFGPL{ I,NTP)=0
PSRATE( IyNTP)=0.0
N0 155 J=1,12
SIGTOT(Jy IsNTP 0
EPSTOT(JyIsNTP 0
ALFA( J»IsNTP )=
EPSDN( J» I s NTP )=
155 CONTINUE
WRITEC 15X RCT )9 I=1yNUMNP)
WRITE( 15 Z( 1)y I=1 9 NUNNF)
’ NUMELS( NTP) = NUMEL
[ NUMNPS(NTP) = NUMNP
: IF (IPLOT.EQ.1) CALL MPLOT
: C¥ ¥ %X % % X X % X & % % % % K % X ¥ ¥ X X ¥ X X ¥ X ¥ ¥ %X ¥ ¥ & k ¥ % % {
P! c READ AND' WRITE TEMPERATURE DATA
i CX X X X % X K K & % X X K X %k K X X ¥ X X X X ¥ ¥ X ¥ X ¥ %X¥X %% ¥ X
w 103 IF(NUMTC.EG.0) GO TO 440
» IF( NUMTC.GT.0) READ(S»1001) (X(I)sY(I )y TEMI)sI=1sNUNTD)
|
4

)=0,

)3=0.
0.0
0.0

IF(NUMTCL.EQ.-2) CTALL TEMIUNUMNE)
IF(NUMTC.EQ.-2) GO TO 440
MPRINT=0
‘D0 210 I=1,NUMTC
: IF(MPRINT.NE.O) GO TO 200
' ~ WRITE(65,2001)
' MPRINT=57
’ 200 MPRINT=MPRINT-1
. 210 WRITE(46+2002) XCIDsY{(I )P TEN(IT)
o MPRINT=0
o DO 230 N=1sNUMNP
| IF(MPRINT.NE.O) GO TO 220
WRITE( 6+2003)
MPRINT=59
220 MPRINT=MPRINT-1
‘ CALL TEMP(R(N)»Z(N)yT(N))
‘ ‘230 WRITE(652004) NyR{NDI»ZIN)»T(N)
' 440 MPRINT=0

20
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N0 460 N=1sNUMEL
IF{ MPRINT.NE.O) GO 7O 450
WRITE(%,2008)
MPRINT=59
450 MPRINT=MPRINT-1
¢ II=IX(Ns1)
JJ=IX(N»2)
KK=IX(N»3)
LL=IX(N»4)

B ™ e
s

TEM IS TEMFORARY STORAGE FOR ELEMENT TEMPERATURES

IO 0

2 TEMCN)I=(TCIIDHTCIINHTORRIHT(LL ) )/74.00
4 460 WRITE(6,2009) Ny(IX(NyI)»I=1s5)sBETA(N)IsALPHACN)yTEM(N)
WRITECISX(IXCTI9J ) J=1s3)sI=19NUMEL)
WRITE(15)(BETA (1) I=1sNUMEL)
WRITEC15 )X ALFHACI ) I=1yNUMEL)
WRITEC1S X TEM (I)»I=1,NUMEL)
[0 470 K=1sNUMEL
470 T(K)I=TEM(K)
CX X X X % % X X % X % X X X X X ¥ ¥ ¥ X X X ¥ X ¥ X K X X XXX X ¥ X X
C READ AND' URITE MATERIAL PROPERTIES
CK % X X X X X X ¥ % X X ¥ X X X ¥ ¥ ¥ X ¥ X ¥ X ¥ ¥ ¥ X ¥ ¥¥¥% X ¥ X ¥%
900 CONTINUE
RO 510 M=1sNUMMAT
REAINS5,1004) MTYPEs(NT»RO(MTYPE)sAQFTS(MTYPE))
WRITEC652010) MTYPEsNT»RO(MTYPE)
REAIM Sy 1005 XN (E( I+ JyMTYPE )»J=1514)s1=1sNT)
: READ{ 551005 X SIGYLIK I»MTYPEsNTP )9 I=1+7)
- IFCAOFTS{MTYPE ) NE.1+) WRITEC( 652011 XCECT»JsNTYPE )2 J=1s13)s I=1sNT)
> : IFCAOFTS(MTYPE).EQ.1,) WRITE( 652012 ) (ECIyJsNTYPE )9 J=1513)sI=1sNT)
2 WRITEC 453015 X SIGYLD( Iy MTYPESNTP )»I=1+7)
3 3015 FORMAT(1H »"YIELD STRESSES ARE ("»s/

o
!
W

11H s"Y11 = *LE15.7/
3 - 21H #"Y22 = "SE15.7/
! 3lH »*"Y33 = "H»E15.7/
- 41H »"Y12 = "HE15.7/ -
' S1H »"Y13 = "HE15.7/
' 61H »"Y13 = "HEL15.7/
| l 71H »® C = "HE15.7)
- WRITEC 1S5 MTYPENT» ROCMTYPE)
1 J WRITE(IS XK(ECIsJoMTYPE )9J=1v14)yI=19NT)
i

1 10 510 I=NT,12

' 10 510 J=1,16

! 510 E(I,JsMTYPE)=E(NT»JsMTYPE)

4 GO TO 526

b 525 CALL DATA

{ 526 CONTINUE

. IO 900 NL=1,NLINC

| ACELZ=0,00

. ANGVEL=0,00

‘ ANGACC=0, 00

; IFC INERT .EQ. 0) GO TO S11

: IFCNL JNE. 1 JAND, INCI .EQ. 0) GO TO 511

CREXKRERKERKRIKKKHKIREIREEEREE XL RREXEXKTERAKEREEERRERKRE AR KRS R AR

c READ AND WRITE DYNAMIC FORCES

R et Bt i Lttt sttt it teetettt s eseststtipesteseeseaess:
READ(5,1030) ACELZ, ANGVEL» ANGACC

WRITE( 6,2031) ACELZs ANGVEL» ANGACC
911 CONTINUE

i _ 21




v 3 . S or 0% & K % X ¥ ¥ % ¥ ¥ ¥ N X ¥ % O¥ ¥ ORER OSEoR G
C REATL AHD WRITE PREGGURE ARD SHEAR LOUDTARY CCNOITIONS
CF ¥ % % % % K X % 5 XK X 5 X K ¥ KK KU ¥ ¥ ¥ A K K B X R % KK ¥4
IF(NL JNE. 1 JaNk, INCF JEQ. O) GG TG 700
600 IF(NUMPL.ER.O) GO 7O 830
. MPRINT=0
1o 420 L=1sNUMPC
IF(MFRINT.MNEL.O)Y GO TO 4610
WRITEC&y2013)
MPRINT=33
610 MFPRINT=MFRINT-1
REAIK S5y 10048) IP(L)s JIPCL YPRCL)
620 WRYTE(&y2014) IF(L)» JFCL)SPRIL)
630 IF(NUMSC.EQ.0) GO TO 791
MFRINT=0
[0 650 L=1sNUMSC
IF{MPRINTL.NE.O) GO TO 440
WRITE( 6520132
MPRINT=58
640 MPRINT=MFRINT-1
REAT(S,10046) IS(L))»JS{L)»SH(L)
650 WRITEC(H22014) IS(L)I»JS(L)ySH(L) _ ¢
701 IF{NUMST.EQ,0) GO TO 700
MPRINT=0
[0 680 L=1sNUMST
IF(MPRINT.NE.QO)Y 6O TO 470
URITE(&;" 23)
MPRINT=
&70 HPRINT=ﬁPRINT—1
REAIKS»1008) IT(L Y JT{L)IyST(L)
680 WRITECHy2014)0IT(L)sIT(LI$ST(L) ’
CX X X X ¥ % X X X ¥ ¥ % X ¥ X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥¥¥x&% ¥%¥ ¥ %
c DETERMINE BANDWINTHs INITIALIZE ELASTIC-PLASTIC RATIO
c AND' CONVERT BETA FRO#M DEGREES TO RALIANS
CX X X X X KX X X ¥ ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ ¥ ¥ X ¥ % ¥ ¥ X ¥ ¥¥ ¥ ¥ & % x
700 J=0 .
00 710 N=1sNUMEL .

IX(NyS)I=IABRS{ IX{MN»5))
ng 710 I=1+4
N0 710 L=1+4
RK=TAKSC IX{NsI)-IX(HNsL))
IF(KK,GE.J) J=KKN
710 CONTINUE
MEAND=3XJ+3
IF(NL.GT.1) GO TO 721
D0 720 N=1sNUMEL
EFR(N)I=1.,
ALPHAC M)=ALPHA(N)/57 . 295780
720 RETA(N)=EETA(N)/57.295780
721 CONTINUE
Ck % % % % % % %k % % % % X ¥ % % ¥ ¥ ¥ & ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ X % x
c SOLVE NONLINEAR PROBLEM BY SUCCESSIVE AFFROXIMATIONS
Ck X % % ¥ ¥ ¥ % X ¥ ¥ % X % ¥ ¥ ¥ ¥ ¥ X ¥ % ¥ ¥ ¥ % ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ x
B0 800 NNMN=1sNNLA

FORM STIFFNESS MATRIX
CALL STIFF

om o000

SOLVE FOR DISPLACEMENTS

22




o]

CALL SOLV

- COMPUTE STRESSES

~TOoOOH

CALL STRESS : : ;
CaLL STORE . : ' f
IF¢ INONE.NE.1) GO TO 800

799 NITER=MNN
IF( IDDONEEQ.1) GO TO 8190

800 CONTINUE

810 IF( IDONE.EQ.1) WRITE(4s2016) NITER
IFC IDONE .NE 1) WRITEC 652017 ) NITER

900 CONTINUE

950 CONTINUE

3 ; ITOT=24+12%( NTOTS-1) . NEWDYN

IF(NDL.NE.1) GO TO 88 . NEWDYN
< C0R KKK ORI RRCKAOOK RO ERRR R KRR KRR RRR KKK K KKK E KRR KRR RKK NEWD'YN
c INITIALIZE PREVIOUS HISTORY TOTAL DISFLACEMENTS NEWDYN .

4 Caokaokokokok SOk oK KR OO0KK KR ROOR KOk ROk kR koo ok Rk ok ok Xk NEWDYN {
0 89 I=1,ITOT NEWDYN

£ 89 CONTINUE NEWDYN
¥ 88 CONTINUE NEWDYN

CALL ASEMBL |
b CALL ANSWER |
; 910 CONTINUE

' 1000 FORMAT( 2084/615+F5.05515) ,
1001 FORMAT(3F10.0) 3 |
| 1004 FORMAT (215,2F10.0)

1005 FORMAT( 7F10.0) |
1006 FORMAT (215,F10.0) |

i | 1030 FORMAT(3F10.0)
: 2000 FORMAT (2H1 s20A4/
= 1 33H0 NUMBER OF APPROXIMATIONS------ 14/
2 33H0 NUMBER OF TEMPERATURE CARDS-—-14/
3 33H0 NUMEER OF MATERIALS~—-—-—-—=-- 14/
: 4 33H0 NUMBER OF PRESSURE CARDS------ 14/
A S 33H0 MNUMBER OF SHEAR CARDS-—--—---- 14/
K 6 33HO0 NUMBEFP OF TORSION CARIG---—-——-- 14/
i 7 33H0 REFERENCE TEMPERATURE-—~—~—-=~ E12.4/
§ 8 33H0 NUMBER OF INERTIA CARDS------- 14/
: 9 33H0 MNUMBER OF LOAD' INCREMENTS--—-- 147)
2001 FORMAT (1H1s13Xs 1HRs 14Xy 1HZ 14Xy 1HT)

2002 FORMAT (3F15.3)

2003 FORMAT (35H1 N R p4 T

2004 FORMAT (I592F10.4,F10.,0)

! 2008 FORMAT (74H1 EL I J K L MATERIAL ANGLE RCTA ANGLE A
1LPHA TEMPERATURE)

2009 FORMAT (15+414,18,F11.1,2F13.,3)

2010 FORMAT (1H1»"MATERIAL ILDENTIFICATION NUMRER =",12/




11H »"NO., OF MATERIAL TEMFERATURE CARDS ="sI2/
21H »"MAGSS DENSITY ="sE15.7)
- 2011 FORMAT (1iH »"TEMFERATURE =",E15.7/
11H »"MODULUS OF ELASTICITY-EN =",E15.7/
21H s"HOLULUS OF ELASTICITY-ES =" E'u.,/
£ 31H »"MODULUS OF ELASTICITY-ET =",E15.7
41H »"FOISSON RATIO-NUNS =",E15.7/
51H H»"FOISSON RATIO-NUNT =",E15.7/
61H »"FOISSON RATIO-NUST ="»E15.7/
71H »"SHEAR MODULUS-GNS ="»E15.7/
81H s "SHEAR MODULUS-GST ="sEL15.7/
91H s"SHEAR MCIDULUS-GTN =",E15.7/
11H »"COEFFICIENT OF THERMAL EXPANSION-AN ““vElu.71
21H »"COEFFICIENT OF THERMAL EXFANSION-AS ="y»E15.7/
, 31iH !“COEFFICIENT OF . THERMAL EXFANSION-AT ="sE15.7/)
2012 FORMAT (1H »"TEMPERATURE ="»E15.7/
11H »"MODULUS OF ELASTICITY-EN =",E15.7/
214 »"MODULUS OF ELASTICITY-ES =",E15.7/
31H s"MODULUS OF ELASTICITY-ET ="»E15.7/
41H »"POISSON RATIO-NUNS ="»E15.7/
51H »"FOISSON RATIO-NUNT =",E15.7/ :
61H »"PDISSON RATIO-NUST ="»E15.7/ i
71H »"SHEAR MODULUS-GNS ="yE15.7/
81H »"SHEAR MODULUS-GST ="»E15.7/
91H »"SHEAR MODULUS-GTN ="yE15.7/
11H »*FREE THERMAL STRAIN-FN =",E15.7/
21H s"FREE THERMAL STRAIN-FS =",E15.7/
. 31H »"FREE THERMAL STRAIN-FT =",»E15.7/)
< 2013 FORMAT (30H PRESSURE BOUNDARY CONDITIONS/20dH I J PRESSURE)
5 2014 FORMAT (2I5,F10.1)
2015 FORMAT (27H SHEAR BOUNDARY CONDITIONS/17H I J SHEAR)
2016 FORMAT (26H THE SYSTEM CONVERGED IN I2y11H ITERATIONS)
2017 FORMAT (33H THE SYSTEM [ID NOT CONVERGE IN I2s11H ITERATIONS)
2024 FORMAT (43H0 THE AXISYMMETRIC OPTION NAS BEEN SELECTED)
: 2025 FORMAT( 30H TORSION ROUNDARY CONDITIONS/17H I J  SHEAR) i
. 2030 FORMAT(1H »45Xy"Xx¥kkkx¥kikkyxkk LOAD STEP X**&********* ="314) i
: 2031 FORMAT(1HO s"AXIAL ACCELERATION ="»E12.4/

e e

11HO »"ANGULAR VELOCITY  =",E12,4/
] 21HO »"ANGULAR ACCELERATION=",E12.4)
I 920 STOP
¥ | ENI
B SUBROUTINE ANGLE (RsZsRC»ZCsANG)
f c FIND ANGLE OF INCLIMATION BETUEEN O AND 2%PI

; CE % % % % %K &% % X X X X % X X X X X X X ¥ ¥ ¥ ¥ ¥ X ¥ X ¥ KX X & X % %
i PI=3,1415927
| D1=¢Z-2C)
i D2=( R-RC )
{ IF( ARS( R-RC).GT.1.E~8) GO TO 100
| ANG=P1/2.,
- IF(D1.6T.1,E-8) RETURN
! ANG=-ANG
RETURN
: CE X X % K X K X & %X X % X % X X X ¥ % X £ K K K&k Xk XkX¥ X% ¥ %
, €  ALLOW CIRCLE TO CROSS AXIS
| CX & X % K % % % K % % % K X X X X & X X % XK K X X £ %X ¥ X X & % X % % X
t 100 ANG=ATAN2( D1,02)
RETURN
END
SURROUTINE ANSWER
i INTECER CODE




s b s NN Mttt NS5 . S st A

SR o e Ak v e L o A

! . COMMON/VISC/EPSING 125,108 )y SIGYP{ 6 )9 LEPSR 651098 )y ELTINM
: COMMON/RESULT/BS(4515)9D(5:5)5C(616)s ARYBE( 559 )2 CilS{ 645)
. COMMON/FLAS/ALFA( Sy 498 ) SIGYLI(7+658)s IFGFLC  4+8)
- COMMON/THNCR/NOLINCNOL » INERTsNUMMATSIGTOT( 12y 4,Q)
1 » EPSTOT(12y 4,8) '

ra—— S s

¢ COMMON/ELDATA/BETAC10  )»EFR(10 )yPR(4 )H»SH( 4 ) IX(8 19 )
1IP(4° D)sJP(4 ) IS(4  )sJdS(4  D)sALFHACLD ) IT(4  )yJdTC(4 )
257(4 )

COMMON/ARG/RRRCS )9 ZZZ( 5 ) s RRC4 )9 ZZC 42950155 15)s PL15 )9 TT( 6)s
1H( &915 )9 CRZ( 616 s X1 10 )s ANGLE( 4 )»SIG( 18 EFS5( 18)sN
COMMON/NXSOLY/SKG( 36 »24 )9FTGC 132)»FTOT(132 ), 1TOT

COMMON/ANSD/ UT1(24)s G 24»24)> GR1{24124)s DUMMC 24124 )
COMMON/ANS1/NUMELS( 8 )s NUNNFS( 8 )
| COMMON/NONAXI/S1¢ 30530 )sF1¢ 30 )s THETAvESH & 930 )
P COMMON/NXDATA/NTE yNTS s NTOTS» GTS1G( 245 2418)
g : COMMON/NXMESH/THETANC 8 )9 NPC( 8+8)
COMMON/ARG1/SIG1¢ 18 )sEPS1{ 18 )s DEPSP( 12 )+CEPSF( 696 )
COMMON/SOLVE/BC 72)sAC 72934 )s NUMBLKy MEAND
& DIMENSION UT( 24 )»UC1C 24 )9 UCK 24 )y R1( 24024 )
% REWIND 25
: REWIND 26
REWIND 21
KOLD=1
- DO 100 K=1sNTOTS
NS=K
‘ KNEW=K
b NUMNP = NUMNPS(K)
; F NUMNP3 = 3XNUMNP
s NUMEL = NUMELS(K)
- K20 = 21
g READ 26 ) CB(I)sI=1sNUMNP3)
| REAIN 263 (CIXCTyd)sd=155)sI=1yNUMEL)
WRITE(651200) K
READ( 25 X ( R1( 1rJ )sJd=1924)rI=1+24)
8 [0 110 KK=1+4
r NP1 = NPC(NSsKK)
NP2 = NPC(NSyKKH4)
DO 110 I=1,3
UCC 3%CKK-1)41) = B(3ANP1-3+1)
UCC 3%¢KK-1)+I+12) = B( 3XNP2-341)
| 110 CONTINUE
| DO 115 KK=1s24
» 115 UT(KK) = FTG(KKH NS-1)%12)
[

: WRITE( 69900)
P 200 FORMAT(™ "»" EL SIGMAR SIGMAZ SIGMAC SIGMARZ SIGHAZC"

o 1 " SIGMACR SIGMAN SIGMAS SIGHAT SIGMANS™ »

.J§ 2 " SIGHMATN" /" EP3SR EPSZ EPSC EPSRZ "y
?g 3 "EPSZC EPSCR EFSN EPSS EPST EPSNS "y
Y 4 " EPSST EPSTN")

; IF(KOLD.EQ.KNEW) REWIND 21

' IF{KOLD.NE.KNEW) KOLD=KNEW

. [0 120 N=1sNUMEL

: MTYPE=TABS(IX( N»3))

o READ( K20 )X (CRZ( 15J)sJ=1+6)21=1+4)
REATK K20 X (BS1(XsJ)sJ=1+30)sI=1+6)
l READ(K20X( G(I,.J)9J=1+24)11=1+924)
READC K20 )X (CEPSP{ I+J)sJ=1+6)s1=198)
| READC K20 X (CNS( IyJ)sJ=1+6)r1=1+6)
READ( K20 X (D(I5J)rJ=1+986)s1I=1+4)
READ( K20 X (C{IrJd)sJ=196)yI=1+6)




ng 125 4
GR1C(I
0 125 M=
125 GR1(I»J) = GRI\I!J) T GCIsMIERI(MI I
r 0 128 I=1.+24
Uci¢1) =0,00
UT1¢I) =0.,00
- O 1256 J=1,24
? UCI(T) = UCI(TI) 4+ GRICTILIIXUC{ D)

: : _!$1
no 125 I= !
14

'-'-Hll

€ 126 UTICTI) = UTICI) + GRICISJIUTCD)
S [0 130 I=1,4
3 11=3%I
- JJI=3RIX{NsI)
! PLCII-2) = R(JJ-2)
P1¢II-1) = R(JJ-1)
PICIT ) = R(JJ )
B F1¢CTI410) = B JI-2)
¥ P1(II+11) = B(JJ-1)
i PICITI412) = R(JD) ’

o 130 CONTIMUE
: 0 135 I=1,24
: 135 FI1(I) = P1{(I) -UCLCINHUTIC(I) ,
[0 1356 I=1+3
F1CI424)= (FICIPICI43)4PICIH4 4R 1(I+9))/4.00
136 F1(I427) = (PI{IH12)4P1CIH1S)4PICT+18)4PL(I+21))/4,00
N0 140 I=1+4
EPS1C(I) = 0.00
[0 140 J=1,30
140 EPS1(I) = EFSICIMESI{I»JIXF1(.])
) [0 143 I=1,6
e EFS1¢(I+5)=0.0
A [0 143 J=1,6 . 4
b [0 143 L=1,6 ;
| 143 EPSICI+4)=EPS1{I+56 )+ I+J)KCE Iy LOIKERPSILL)
o 0 150 I=1,4
' SIGI(I) = EPSIN{ IsNyNS)
o SIG1(1+8)=EPSDIN{ I+4yNsNS)
; SIGVF{ I)=0.0
, o 150 J=1:6
! SIG1¢{I)= SIGI(I) + CRZ(IsJ)IXEPS1{J)
b ! 150 SIG1¢I+6)=SIG1¢ I+4)+CNSCI+J)XEPSI(J+S)
= 0 151 I=t.a
: SIGVF{ I)=SIC1{ I+4)
151 CONTINUE
N0 141 J=1,12
™ 141 EFS1¢(J) = EP51{(J)%100.0
' [0 230 I=1,6
: LEFSF{ 1)=0,0
* 230 DEPSF{I+46)=0,0
‘ IF (IFGPL{NsNS).EQ.0) GO TO 241
o 250 I=1+6
[0 250 J=1+6 |
. HEFSP( I+6)=0EFSF{ 1+4 )4+CEPSF( 1y JIXEFS1¢J$+5)/100, *
i 0 251 I=1,6 :
‘ DEFSF( T+6 )=DEPS®{ I+4 )+DEPSR{ IyNsN3)
K 491)=0,5XD( 4+1)
IM4s3)= 0.5%N(4,:3)
M1s6)=2.0%{ 158)
I2e6)= 2,050 258)

»
4]
<o

rJ
4]
[
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C{lyd)d= 2,04C{1s4?
C(294)= 2,0%C{Zy4)
- Cldy1)= 0.5%C{451)
Cl492)= 0.,5%C(4+2)
[0 160 I=1+4
T REFSF(I)=0.0
T D0 160 =198
N0 150 L=1y+6
140 DEFSF( I)=DEFSF{INCIIy I XTI JsL IXDEPSFILES)
WRITECS51400)REFSP(I)»I=1412)

1400 FORMAT(" PLASTIC STRAINS"/2Xs 12E10.4)
0o 233 I=1,y6
EFSONCI»NyNS)=DEFSF( I4+6 )/BELTIN
CONTINUE

CONTINUE

N0 240 1I=1,12

SIGTOT( IyNsNS)I=SIGTOTC(I»HsNSI+SIGI(I)

240 EFSTOT(IsNsNS)I=EPSTOT(I,NINS)IH+EPSI(I)

WRITE(H21000) Nsy(SIGTOT(IsNsNS)sI=1,12)
WRITE(S51111)
1111 FORMAT(" ","SIGVF ")
HRITE(S621000) Ny (SIGVF{I)yI=1+6)
CALL YIELD{NsNSsyMTYPE)
IF(IFGPL(NsNS).EQs1) WRITE(S:1300)NsNS
1300 FORMAT(® ","ELEMENT"»IS5,"0F SEGMENT"»IT»"HAS YIELIIED")
WRITE(S651100) (EPSTOT(IsNsNS)»I=1+12)
120 CONTINUE
100 CONTINUE
REWIND 21
REWIND 25

oOn
NN
+ 0Ol
0]

REWIND 26 *
1000 FORMAT(" "s1Gs12F%.0)
1100 FORMAT(" " +5Xs12F9.5)
1200 FORMAT("1" s"SEGMENT TYPE"»1Gs//s" "»"SEGMENT WUHRER = "4I3)
RETURN
END

SUEROUTINE ASEMEL
COMMON/INCR/NOLINC yNOL s INERT s NUMMATSSIGTOT(12,  4,8)
1 JEPSTOT(12s 4,8)
COMMON/ROCON./NRDF y NREQ( 18 )y URES( 18)
COMMON/GLRSEG/FI¢24,8)sFE( 2458 ),UC 2473)55K( 24, 24,8) -
COMMON/NXDATA/NTF s NTS)NTOTS»GTS1G( 245241 8)
COMMDN/NXSOLV/SKGE 36 524 ),FTG(132),FTOT132),1T0T
COMMON/ANS2/FCE 24 )5 G( 24124 )5 GR1C 24124 35 TUMNC 241 24 )
ITOT= 24 + 12%(NTOTS-1)
- 10 10 I=1,ITOT
FTG(I) = 0,00
10 10 J = 1,24
10 SKG(I»J) = 0.00
DO 100 M=1,NTOTS
C RO OO RO R KKK RRE AR
C COMBINE FI» FE» AND SKXUC INTO A TOTAL FORCE VECTOR FC
€ 0RO RGO RR R KRR R SRR
N0 55 I=1,24
FC{I) = 0,00
0 55 J=1,24
55 FCCI) = FOCI) 4 SKCIsJdsM)K UCCJsM)
I0 60 I=1,24
60 FC(I) = FOUI) 4FECToM) -FICIoN)
€ XK RR RO OO KOO R R OR KRR R KRR K Sk$




: C NOW FILL GLOBAL FORCE AND STIFFNESS HATRICES :
c x****x**&a&**m*%*****x*******&xa4$4*k LR KRR IR AR R R AN
[0 70 I=1s24
I1 = I+(M-1)%12
FTBCI1) = FTGLIL) + FOCI)
. I0 70 J=Is24
SKE( T1,.J41-1) = SKG (TI1sJ41-I) + SK(IsJs4)
70 CONTINUE
‘ 100 CONTINUE
§ IF (NOL.NE.1) GO TO 80
2 € READ THE TOTAL NUMEBER OF RESTRAINED DEGRCES OF FREEDOH
;- REAI 55 1200) NRDF
4 WRITEC 651255) NRDF
3 €  IMPOSE ROUNDARY CONDITIONS ON RESTRAINED L-0-F
b | IO 150 NEC=1sNRIF
b C READ THE EQUATION NUMBER AND' THE IMPOSED EQUNDARY CONDITION
3 READ( 55,1250 ) NREQ(NEC )sURES( NEC)
3 WRITE( 651240 INREQ( NEC ) URES( NEC )
150 CONTINUE
80  CONTINUE
% DO 160 NBC=1sNRDF
3 160 CALL XMODFY(URES(NEC)sNREQ(NEC))
1200 FORMAT(IS)
1250 FORMAT(I5,F10,0)
1255 FORMAT( 1H1,"NUMBER OF RESTRAINED DEGREES OF FREEDOM =",110/
3 1 » EQUATION NUMBER  VALUE ")
§ 1260 FORMAT (" "ySXsISs5XsF10,2)
£ CALL XSOLVE
> WRITE( 651050)
5 WRITE( 651100 X FTGCI)» I=1,1T0T)
10 200 I=1,1T0T .
v 200 FTOTCID=FTOTCIMFTG(I)
MRITE(6,1051)
WRITEC 651100 X FTOT( 1) I=1,1ITOT)
1050 FORMAT("1","INCREMENTAL DISPLACENENTS AT CONNECTING NODES"/
: 1 18X » 2HUR'y 18X y 2HUZ 5 18X s 2HUT )
. 1100 FORMAT(" ",3E20.7)
1051 FORMAT("1","TOTAL DISPLACEMENTS AT CONNECTING NODES"/
1 18Xy 2HUR » 18X » 2HUZ » 18X » 2HUT )
i RETURN
END
SURROUTINE CIRCLE( ANG1sDELPHIyRSTRT»ZSTRTsRCIZCeIsd)
INTEGER CODE
COMMON/TD/ THINC 100 5 IMAXC 100 )5 JHINC 25 )0 JHANE 25 ) HAXI 4 HAKJ  NMTL# 5L
COMMON/NPDATAZR( 10 J»CODEC10  I»XRC1O 122010 )9XZ(10  )»
i INPNUMC 45 8)pTC(10 )eXT(10 )
vy DIMENSION AR( 4» 8)yAZ( 41 8)
[ EQUIVALENCE (R(1)9AR)»(Z(1)9AZ)

-

+gp. 4733 H_v‘\-;_n o A

mm l

5; CX X % X X X % ¥ % %k % % % X %X ¥ ¥ ¥ ¥ ¥ ¥ X X ¥ X ¥ ¥ X ¥E¥X XX x»
N c FIND INTERSECTION OF LINE AND CIRCLE = NEW R AND Z
- Cx % % % X X X %X X % X X X X ¥ ¥ X ¥ X X ¥ X % %X % k X X X¥¥X ¥ X ¥ XX

ANG1=ANG1+DELPHI
RR=SART((RSTRT-RC )*X2+{ ZSTRT-ZC )%%2)
AR I+J )=RC+RRXCOS{ ANG1)
AZ( 193 )=ZCH+RRASIN( ANG1)
RETURN
END
SUBROUTINE DATA
INTEGER CODE
COMMON/INCR/NOLINCyNOL s INERT s NUMMAT » SIGTOTC 12, 4,80

- e - s
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200

100
200

300

CINUMST

1 SEFSTOT(12, 4,8) . .
COMMON/NFIATA/RCL10 )y CODE( 10 s XR(10  )sZ(10  )9XZ{10 )y
1 NPNUMC 4 8)yT(10 D)o XT(10 )

CDHHGH/BASIC/QCELZ,ANGUEL;ANGGCCvTREF!VOL;NUHNP;NUHEL;NUHPCvNUHSCI

COMMON/ELDATA/BRETAC10  )HEPRC10  )HFR{4 )SH{4 )sIX(8 v9)y
1IPC4 )y JFC4 ) IS4 )5 JS(4 )y ALPHACLIO 1 IT(4 )y JT(4 )
25T(4 ) » .

COMMON/NXDATA/NTP s NTSsNTOTS s GTS16( 24 524,8)

COMHON/MATP/RO(6)sE( 1251456 )sEE(16)sADFTSL &)

COMMON/SOLVE/X(888),Y( 888 )y TEM( 838 ) NUMTCsHEAND

COMMON/TD/IMINC 100 )y INAXC 100 )y JMINC 25 ) s JHAXC 25 ) s MAXI
1 MAXJsNMTLsNRC :

REATKC 15 INUMTC y NUMMAT » NUMPC s NUMSC » TREF » INERT »
1 INCIsINCF

READ{ 15 )NRC» NMTL

READ{ 15 INUMEL » NUMNP

REAT{ 15 )X CODBEC I )9 I=1sNUMNP)

READ(1S )X  XR(I)»I=1,NUMNP)

READ(15)( XT(I)sI=1»NUMNP)

REAIK 15X XZ(I)yI=1,NUMNP)

READIM 15 X RCIDsI=1NUMNP)

READ( 15 X ZCI )y I=1yNUMNP)

READ{ 15X CIXCI»J)sJ=19T ) I=1,NUMEL)

READ( 15 ) BETA(I )s I=1yNUMEL)

READ( 15 ) ALPHAC T )y I=1yNUMEL)

READC 15 ) TEM( I )» I=1sNUMEL)

NG 200 I=1,NUMMAT

READC 1S )MTYPEsNT yRO(MTYPE)

READC IS X (EC(IIs JoMTYPE )2 J=1+14),II=1,NT)

DO 200 K=NTs12 .

N0 200 L=1+6

ECKyLsMTYPE)=E(NT»LsMTYPE)

RETURN

END
SUEROUTINE INTER
COMMON/ARG/RRR(S)»ZZZ{ S )sRR(O4 )2 ZZ( 4218015315 HF( 15 TT( 6 )y
1H(6915)9CRZ( 696 )9 XI( 10 )9 ANGLE( 4),SIG(18),EP3(18)s1
COMMON/PLANE/NPP
DIMENSION XMC(7 )sR(7)2Z(7 )1XX(?)

DATA XX/3%.1259391805448,3%,1323941527884,.225,

1 +696140478028y.410426192314/

RO7 I)=(RR{ L HRR( 2)4RR(31)/3.0
ZC7 )= ZZCL M ZZC2)422(3))/3.0
o 100 I=1,3
J=143
RCIDI=XX(8)XRR( I )+(1,00-XX(8))¥R(7)
RCOJI=XX(9IKRR( I )+{1,00-XX(?))%XR(7)
ZOCID=XX(8I)XZZ( I )+ (1.,00-XX(8))%Z(7)

Z(J)=XXC P )IKZZ( I )4 1. 00-XX( 9 ) )IXZ(7)

[0 200 I=1y7
XMCT )=XX(TI)R(I)
no 300 I=1,10
XI(1)=0.00
AREA=OOX(RRC 1K ZZC2)-ZZ( 3N MHRRO 2K ZZ( I )-2Z( 1 )RR 3R Z2{ 1)
1 =ZZ(2)))

IF(NPP.NE.O) GO TO 600
[0 400 I=1,7
XIC1)=XICL)+XM(T) 1
XIC2)=XT(2 XM T )I/R(T)




L Rres ;

e e e At " {2 o=

XT3 )=XIL 3 XM I /CROT IARZ D

XIC 4 )=XE{4 AN T 3RZO1I/RCTD
XICS)=XTOO)HXME I 3REC T ) AR T 1Rj%2
XICH)=XTUEI XM I IRCZOT MR )/{RI
XTE7)=XT(7 XM 2ERCTD

)
I%%2)

XIC8)=XT(B8 XM I IXZ( 1)

XICP»=XIP MERM T YRR T J5%2)
400 XIC10)=XI{ 10XXM{ INKRUTIIRZ( D)
o 500 I=1,10
500 XI( I)=XI(I)IXARLEA
RETURN
600 XI(1)=AREA
XI(7)=R{7 IXAREA
XI{8)=Z{7 )XAREA
RETURN
END
SURROUTINE MESH
INTEGER CODE ,
DIMENSION AR{ 4> 8)yAZ( 4y 8)yNCORE( 4y 8)
COMMON/TI/ IMINC 100 )y IMAXC 100 ) s JHINC 25 )9 JHAX( 20 )y MAXT y MAXJ » NMTL s NEC
COMMON/NPOATA/R(10 ) COLECLO )y XR(10  )»HZ(10 )yXZ(10 )y
INPNUMC 4, 8)sT(10 ) XT(10 )
COMMON/ELDATA/RETA{ 10 )sEPR{10 D)sPR(C 4 )»SH{4 )»yIX(8 15 )
1IPC4 D) JP(4 ) IS4 ) JS{4  )HALFHAC LD ):sITC4 ) dT(4 )y
287(4 )
EQUIVALENCE (RC1)yARD)»{Z(1)vAZ )y (IX{1y1),NCORE)
Cx X % X % % % % %X X ¥ % % ¥ % % ¥ & £ ¥ ¥ %k ¥ ¥ & & &k & ¥ ¥ & ¥ % ¥ % %
C MESH CONTROL INFORMATION
CX X ¥ X% ¥ X X X ¥ ¥ ¥ ¥ % X ¥ ¥ ¥ ¥ % ¥ ¥ ¥ ¥ ¥ X ¥ ¥ X % ¥ ¥X ¥ ¥ ¥ ¥ %
READ (5,1000) MAXI»MAXJsNSEGyNRC,NMTL
WRITE( 652000) MAXIsMAXJ»NSEGyNECyNMTL
Cx X X X X % %X X ¥ ¥ X ¥ & ¥ X ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥¥ X X ¥X¥XXX ¥ ¥ XX
c INITIALIZE
CX ¥ X ¥ ¥ % ¥ X % % ¥ % & ¥ % % ¥ % & ¥ ¥ & ¥ & ¥ &£ ¥ ¥ ¥ ¥% ¥ % ¥ % %
ISEG=-1
FI=3.1415927
o 110 J=1,8
g 100 I=1,4
NCODE( I+.J)=0
AR IyJ)=0,
AZ( T9.J2=0,
JMAX( T )=0
100 JIMIM T )=MAXT
IMING J)=MAXI
110 IMAX(J)=0
Cx X ¥ ¥ ¥ % % X K X % ¥ ¥ ¥ X ¥ X % ¥ X ¥ % ¥ ¥ ¥ ¥ ¥ X X ¥¥X X% % % %
c LINE SEGMENT CARDS
C¥ X ¥ X % X X X X X ¥ X ¥ X% ¥ X ¥ % ¥ X ¥ ¥ %X ¥ % ¥ ¥ ¥ ¥ ¥%x % % %X % %
150 ISEG=ISEG+1
159 IFCISEG,EQ.NSEG) GO TO 400
REAI( G91001) I15J1sR19Z15129J29yR2sZ2y13+J3yRI+Z3» IFTION
WRITEC6y2001)119J1yR19Z19129J29R2yZ2v13+J3sR3Z3¥IFTION
IPTION=IPTION+1
AR(TI1yJ1)=R1
AZ(T1,J1)=71
NCODE( 11,1 )=1
CALL MNIMX(I1lsJ1)
GO TO (1505200,200,300,300,200,200)s IFTION
Cx % % % % % % & % % % % % % ¥ ¥ %X ¥ X X X X% % & & ¥ ¥ & ¥ % % £ % %k X%
c . GENERATE STRAIGHT LINES ON BJUNDARY

30




LX X % 2 X X % &4 R & X X 4 4 3 4 32 3 X B X EE X2 B2 AR S B KX X K KB

200 UI= ARS(FLOAT(I2-11
II= ABS{FLOAT(.J2-J1

AR(I2,)2)=R2 J

AT T29J2)=22 i

NCODE(I2yJ2)=1 .

; CALL MNIMX{I2,J2)

K ISTRT=I11

5 ISTF=12

i JSTRT=J1

‘ JSTR=J2

DIFF=MAX1(DIs1t])

ITER=DIFF-1.,

TINC=0

JINC=0

IF(I2.NE.T1) TINC={I2-1I1)/IARS(I2-1I1)

IFCJI2.NE J1) JINC=(J2-J1)/IAKS(J2-J1)

KAFFA=1

X
))
M

-

A IFCI2.NE.I1,AND.J2.NEWJ1.ANIGLIPTIONWNE . 3) KAPPA=2

f IF(KAFFALER.2) DIFF=2.%DIFF

RINC=({R2-R1)/DIFF

ZINC=(Z2-Z1)/DIFF

WRITE(5,2002) DIsDJ>DIFFyRINCyZINCy ITERy IINCs JINCyRAPPA

CHECK FOR INPUT ERROR

aOm

IF(KAPFA.NE.2.0R.DI.EQ.DJ) GO TO 210
WRITE(652003)
GO0 TO 150

e,

INTERPOLATE

OO0

| 210 I=11
3 J=J1 ,
b WRITEC 652004)
‘ 00 230 M=1,ITER
IF(ITER.EQ.O.AND.IFTION.EQ.2) GO TO 230
IF(ITER.EQ.O0.AND. IPTION.EQ.6) GO TO 230
IF( ITER.EQ.0.AND.IFTION.EQ.7) GO TO 230
IF(KAFPA.EQR.2) GO TO 220
- I0LI=1 ;
i I=I+IINC %
4 JoLD=J
» J=J4+JINC
- AR( I 5J)=AR( TOLDy JOLIND+RINC
- AZ( 15J)=AZ¢ IOLL» JOLD M+ ZINC
WRITEC6+2005) I+ JsARC I+ 19AZC I d)
{ CALL MNIMX(Isd)
: NCODIE( I,J)=1
G0 TO 230
CONTINUE
IF(I1.6T.I2,ANDLIPTION.EQ,7) GO TO 221
IF(I1.,LT.I2,ANILIPTION.EQ.$) GO TO 221
T0LD=1
I=T+IINC
ARC T 9.5 )=ARC TOLD» J )+RINC
AZC T9d ):=AZC IOLTyJ )4 ZINC ,
WRITEC652005) T+ J ARCTIs I )AZCTsd) : \
NCODIE( T5.)=1 |
CALL MNIMX(IsJ)

N
o]
o
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CX % X X X % X % % ¥ % ¥ ¥ ¥ ¥ ¥ % ¥ ¥ ¥ ¥ %X % ¥ ¥ % ¥ ¥ ¥ ¥ ¥ ¥ %k ¥ ¥ X

c

Cx % ¥ X % X % % %k ¥ X % ¥ %X % ¥ ¥ ¥ X X X X ¥ ¥ ¥ %X X ¥ X X X ¥ X ¥ ¥ X

o000

]
rJ

)
&

tJ

1

JoLo=J

J=J+JINC

ARC T I)=AR{ I»JOLDRINC

AZ( T 5.)=AZC ITHJOLDDHZINC
NCORE( I+ )=1

WRITEC552005) Is JsAR( T J)sAZ(TI5J)
CALL MNIMX(I»J)

GO TO 239

Jorn=.J

J=J+JINC

AR( Iy J)=AR{ T+ JOLT)HRINC

AZ( T J)=AZ( T, JOLD))TZINC
NCOIE( I, )=1

WRITE(S552005) Iy JsARCIvI)»AZ{Tsd)
CALL MNIMX(IsJ)

I0LD=1I

I=I+IINC .

AR( I+J)=AR( IOLIty J)+RINC
AZ(I»J)=AZ(I0LIyJ)+ZINC

NCODE( IyJ)=1

WRITECS622005) I¢JrAR( Iy J)sAZ(IsJ)
CALL MNIMX(IsJ)

CONTINUE

IF(KAPFA.EQ.1) GO TO 150
IFCI1.GT.I2.ANDGIFTIONLZER.7) GO TO 231
IFCI1.LT.I2.AND.IFTION.EQ.S) GO TO 231
I0LD=1

I=I+IINC

AR( I+J)=AR( I0LIsJ)+RINC

AZ( IyJ)=AZC IOLTI»J)+ZINC

GG TO 232

CONTINUE

JOLD=.J

J=J+JINC

AR( IsJ)=AR( I»JOLD)+RINC
AZ(I2J)=AZ( Iy JOLD)+ZINC

CONTINUE

NCODE(I»J)=1

WRITE(692005) TsJsARCIsJ)rARL(I9d)
CALL MNIMX(I»Jd)

GO 70 1350

GENERATE CIRCULAR ARCS ON BOUNDARY

300 AR(12yJ2)=R2

AZ(I2,J2)=2Z2

NCODE( I2,J2) = 1

CALL MNIMX(I2,J2)
IFCIPTION.EQ.S) GO TO 320

FIND CENTER OF CIRCLE

" AR(I3yJ3)=R3

AZ(I135J3)=23
NCODE(I3,J3)=1

CALL MNIMX(I3y»J3)
SLAC=(Z2-Z1 )Y/(R2-R1)
SLBF=-1./8LAC
SLCE=(Z3-Z2)/{R3~-R2)
SLIF=-1./5LCE




CHECK FOR INFPUT LERROR

(xXe ke

TF( AES( SLAC-SLCE),GT,.001) GO TO 310
WRITEC 652008) R1yZ1»R2sZ2,R3+Z3ySLACs SLCE
60 TO 150
: 310 R4=R1+{R2-K1)/2,
7 Z4=214(Z22-71)/2,
RS=R2+( R3-R2)/2.
75724 23-22)/2.
BEF=Z4-GLEF¥R4
BIF=Z5-SLIF¥RS
RC=( BEF -BDF )/{ SLIF ~SLEF )
ZC=SLEFRC+EEF
WRITE( 652007 ) RCyZ
KAPPA=1 -
3 GO TO 330 1
p 320 KAPPA=2 |
; RC=R3
ZC=23
330 ISTRT=I1
i ISTP=12
- JSTRT=J1
JSTF=J2
RSTRT=K1
RSTF=R2
ZSTRT=Z1
ZSTP=22
340 CALL ANGLE(RSTRTsZSTRTsRCysZCsANGL)
CALL ANGLE( RSTFsZSTPsRCsZCyANG2)
IF(ANG2,LE.ANG1) ANG2=2,0%PI+ANG2

B Ve

c FINI ANGULAR INCREMENT

II= ABS(FLOAT(ISTP-ISTRT))
. Dy= ABS(FLOAT(JSTP-JSTRT))
. I1INC=0

JINC=0
, IFCISTRT.NE.ISTP) IINC=(ISTP-ISTRT )/IARS(ISTF-ISTRT)
b IF(JSTRTNE,JSTP) JINC=(JSTP-JSTRT )/IABS(JSTP-JSTRT)
LAMDA=1
I IF(TINC.NE.O.ANDJJINC.NE.Q) LAMDA=2

‘ DIFF=MAX1( DI, D)
o ITER=DIIFF-1.
’ IF(LAMDA.EQ.2) DIFF=2.XDIFF
B NELFHI=( ANG2-ANG1 )/DIFF
WRITE( 6,2008) ANG1sANG2sDIFF »DELPHI

CHECK FOR INPUT ERROR

OO0

IF(LAMDA.NE.2,0R.DI.EQ.ILJ) GO TO 350
WRITE(C 652003)
. GO TO 150
. 350 10=1STRT
b JO=JSTRT
, WRITE( 652004)

INTERPOLATE

OO0

NPT=IABS(I2-T1)+IABS(.J2-J1)-1
33
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U S80 M=1s11ER
IFCLANDA.EQ.2) GO TO 350
. I=TO+HTIINC
J=JJINC
CALL MNINX(I»d)
NCODRE{ I,.J)=1
CALL CIRCLECANGIsDELFPHISROTRT s ZSTRYGKEsZ01+.3)
WRITECSHy2008) I JsAR(TI»JI»AI(Id)
GO TO 370
360 I=I04+IINC
J=.J0
MCODRE(IyJ)=1
CALL MNIMX(Isd)
CaLl CIRCLE(ANGLyDELPHISRSTRTSsZSTRTIRCIZE»IvI)
WRITE(652005) TsJsAR(TI»J ) AZ(I5d)
J=J0+JINC
NCODE(I»J)=1
CALL MNIMX(IsJ)
CALL CIRCLE(ANG1sDELPHIsRSTRTsZSTRTIRCHZCsIsJ)
WRITE(S552005) I5JsAR(IyJ)»AZ(IrJ)
370 10=1
380 J0O=J
IF(LAMDAJNE.2) GO TO 390
I=TO+JINC
NCODE(I».J)=1
CALL MNIMX(I»J)
CALL CIRCLE(ANG1sDELPHIsRSTRTsZSTRTIRCs»ZCyIsd)
WRITEC622003) IsJsAR(IvJ)IyAZ(Isd)
390 IF(KAPFA.EQR.2) GO TO 139
ISTRT=I2
ISTF=13
JSTRT=J2
JSTP=J3
RSTRT=R2
RSTF=R3
ZSTRT=Z2
ZSTP=23
KAFFA=2
399 GO TO 340
C¥ X X X ¥ X X ¥ X X % % % % %k ¥ X ¥ ¥ ¥ ¥ X X % % ¥ ¥ ¥ ¥ ¥ ¥ % ¥}
€ CALCULATE COORININATES OF INTERIOR FOINTS
Ck X % % % % o X % X% % % % ¥ % ¥ ¥k ¥ & % ¥ ¥ ¥ ¥ ¥ %k ¥ ¥ ¥¥¥ % %
A00 TF{MAXJL.LE.2) CO TO 430
J2=MAXJ-1
0 420 N=1,500
RESID=0.
[0 410 J=2,J2
T1=TMINCJ)+1
IZ2=IMAX(J)-1
IO 410 I=I1,12
IF(NCODRECIsJ).EQ.1) GO TO 410
DR={ ARC I4+1» J)HARC I-1 s J)FARC IS JHL ) FARC T 5J-1)) /4, ~AR( 14 J)
DZ=CAZCT+1 9 I )HAZCT-1 o IIHAZC Ty JHLDIHAZC T4 J-1)) /4 o -AZ( 1)
RESID=RESIT+ARS{ IR )+ARS{ IZ)
AR I9J)=ARCIyJ)+1,8%0OR
AZ(I»J3)=AZ(T+J)+1.8%DZ
410 CONTINUE
IF(N.ER.1) RES1=RESID
IF(N.EQ.1,AND.RESID.EQ.0.)GO TO 430
IF(RESID/RES1.LT.1,E-S) GO TO 430

Kl
e
~0
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420 CONTINUE
y 430 WRITECSy2009) N
{ WRITEC 15 )NECyNMTL
"CX K X X ¥ X ¥ %X ¥ ¥ % ¥ ¥k ¥ X ¥ ok ¥ ¥ ¥ ¥ ¥k ¥ % ¥ # F X K EEE K S XK
CALL FOINTS
CX ¥ X X X XK X K X ¥ X % K ¥ X ¥ ¥ X X X K K X X ¥ K K E KXEXK KX XX
1000 FORMAT (SI5)

1001 FORMAT (3(2I3,2F8.3)y105)
2000 FORMAT (30H1 MESH GENERATION INFORMATION//

2002 FORMAT (SH II=F4.0s5H [J=F4.,0,7H DIFF=F4.0s7H RINC=F8.3+7H IZI
INC=F8.3y7H ITER=I3s7H IINC=I3s7H JINC=I3,8H KAFFA=I1)

> 2003 FORMAT( 1Xy3BHXKRAD INPUT--THIS LINE IS NOT DIAGONAL) -

s 2004 FORMAT ( 30H I J AR " RAZ)

g 2005 FORMAT (215,2F11.5)

2006 FORMAT (S1H X% RAL' INPUT - THESE POINTS D) NOT DEFINE A CIRCLEs/s
13X»6F12,4510X52E20.8)

2007 FORMAT(19H CENTER COORDINATE,(F11.651XsF11.441X))

2008 FORMAT (7H ANGL1=F9.4s7H ANG2=F9.6+7H DIFF=F3.0s9H DELPHI=F9, 6)

2009 FORMAT (//730H COORDINATES CALCULATEDR AFTER I3»11H ITERATIONS)
RETURN
END

1 4140 MAXINUM VALUE OF 1 IN THE MESH----—----13/
2 41HO MAXIMUM VALUE OF J IN THE MESH~-------~ 13/
3 41HO NUMEBER OF LINE SEGMENT CARDS-——~-------13/
3 4 41HO NUMBER OF EOUNDARY CONDITION CARDS---—- 137
3 S 41H0 NUMRER OF MATERIAL ELOCK CARDS-~—-------13///)
.. 2001 FORMAT (//88H INPUT I1 I R1 i1 12 J2 R2 Z
3 12 13 J3 R3 Z3 IPTION/8X13(214+52F844)116)

LR, oY

SUBROUTINE MINV

PURFOSE
INVERT A MATRIX

USAGE
CALL MINV(ASNsDsLsM)

DHESCRIPTION OF PARAMETERS
A - INPUT MATRIXs DESTROYED IN COMFUTATION AND REPLACED BY
RESULTANT INVERSE.
N - ORDER OF MATRIX A
0 - RESULTANT DETERMINANT
L - WORK VECTOR OF LENGTH N
M - WORK VECTOR OF LENGTH N

REMARKS
MATRIX A MUST BE A GENERAL MATRIX

SUBROUTINES AND' FUNCTION SUBPROGRAMS REQUIRED
NONE

METHOD
THE STANDARD GAUSS-JORDAN METHOD IS USEDR. THE HETERMINANT
IS ALSO CALCULATED, A DETERMINANT OF ZERO INDICATES THAT
THE MATRIX IS SINGULAR.

LB K 2N 2 BN N 2 BN R BN I BN BN N BN RSN N N AN BN I SN SN N N N N N R BN N L K I A A X 2N BN BN B BE RN NN NN B NN B NN BN L BN B B N B N N N

OO0 0000000000000

T N

SUBROUTINE MINVCASNsDsL M)
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aOOn

ao0n

10
15

20

DIMENSION AC1)sL{1)MC(1)

LN R BRI A B B B B R A B T 2 B O B B BL B BN BN SR B RN N BN BN AE AR N BN BN A BN SRR B AN N BE K RN BE S IE NI 2K 20 B BN BN B BN BN Y

IF A DPOUBLE PRECISION VERSION OF THIS ROUTIKE IS LZSIREDs THE
C IN COLUMN 1 SHOULD BE REMOVEDL FROM THE DDUBLE PRECISION
STATEMENT WHICH FOLLOWS. .

DOURLE PRECISION AsDsRBRIGAHOLD

THE C MUST ALSO BE REMOVED! FROM DOUBLE PRECISION STATEMENTS
AFFEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS
ROUTINE.

THE DOUBLE PRECISION VERSION OF THIS SUEBROUTINE MUST ALSO
CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS. ASS IN STATEMENT
10 MUST BE CHANGED TO DARS.

LI R BB B B BRI B B B BRI 2 R N B 2 BN B BN BN BN BN BN NK BN BN BN BN KRR BN BN NN BE BN NERE BN BN BRI N 2R NCNE N R BB I B BN N )

SEARCH FOR LARGEST ELEMENT

D=1,0

NK=-N

DO 80 K=1»N

NK=NK+N

L{KN)=K

M(K)=K

KRK=NK+K

BIGA=A(KK)

[0 20 J=KsN :
IZ=N¥(J-1)

O 20 I=KsN

I1J=17+1

IFCABSCRIGAI-ABS(A(IJ))) 15,20,20
RIGA=A{I.J)

L{N)=I

MK )=J

CONTINUE

INTERCHANGE ROWS

J=L(K)

25

30

35
38

IF(J-R) 35535,25
KI=K-N

DO 30 I=1,N
KI=KI+N
HOLD=-A{KI)
JI=KI-K+.J

ACKI )=A(JI)
A(JI) =HOLD

INTERCHANGE COLUMNS

I=M(K)

IF(I-K) 45,45,38
JP=NX(I-1)

DO 40 J=1,N
JK=NK+J

JI=JP+J




HOLD=~A( JK)
ACJIK)I=A(JT)
40 A(JI) =HOLD

DIVIDE COLUMN BY MINUS FIVOT (VALUE OF FPIVOT ELEMENT IS
CONTAINED IN KRIGA) :

e izizRx N

45 IF(RIGA) 43+4456,48
44 D=0.0
RETURN
48 [0 55 I=1sN
IF(I-K) 50555,50
S0 IK=NK+I
! ACIR)I=A{ IK)/( -BIGA)
‘. 55 CONTINUE

REDUCE MATRIX

aoo

[0 45 I=1,N

3 IK=NK+I

b HOLI=A¢ IK )

z IJ=I-N .
[0 65 J=1sN |
IJ=IJ4N

- IF(I-K) 60+465560

F: 60 IF(J-K) 62565562

3 62 KJ=1J-I+K

AC 1.7 )=HOLDXAC KJ )4+AC 1.J)
65 CONTINUE

DIVIDE ROW BY PIVOT *

aoo0o

i KJ=K-N
2 [0 75 J=1sN
3 KJ=KJ+N
IF(J-K) 70+75+70
© 70 ACKJ)=A(KJ)/BIGA
. 75 CONTINUE

PRODUCT OF PIVOTS

DN=D%XBIGA
REPLACE PIVOT RBY RECIFROCAL

OO o6

| ACKK )=1,0/BICA
ki 80 CONTINUE

FINAL ROW AND COLUMN INTERCHANGE

oo

100
! 105

Il e
hot I e s I (I |

108 JQ

DO 110 J=1sN
JK=JQ+J
HOLD=A( JK)




JI=JR+D
ACJED=-AL JI)
110 A(JI) =HOLD
120 J=i{{ K)
IF(JI-R) 10021005125
KI=:h-H
00 130 I=1,N
? KI=KI+H
& HOLE=A{KI)
; JI=KI-K+.J
ACKT )=-ACJI)
130 A(JI) =HOLD
GO TO 100
150 RETURN
END
3 SUBROUTINE MNIMX(IyJ)
4 COMMON/TLD/IMING 100)s IMA
IFCILTIMINGCTIY) JMINCI
3 IFCILWGT, JIMAXL I D)) JIMAXCT
by IFCTILLT IMINGIY) IMINCI
b IFCILGT,.IMAX(I)) IMAXC(]
g RETURN
- END
L SURROUTINE MODIFY(NEQ»NsU)

[
rd "
K

00 )s IMINC 25 )5 JHAXL 25 ) MAXI y HAXJ sy NMTL s NEC

wonoHones
b G O P

X
)
).
)
)

COMMON/SOLVE/R! 72)5A0 72536y NUMELK s MEAND
. [0 10 M=2,MBAND
;- K=N-M+1
g IFC(K.LE.0) GO T0 5
i RC K)=R( K)-AC K, M )XY
N ALKy 4)=0,00
. 5 K=N+M-1 '
b IF(NEQ.LT.K) GO TO 10 |
p: BOK)=BOK )-A( Ny M )%U

AL Ny M )I=0,00
10 CONTINUE
g ACNy1)=1,00
- BN )=U

. RETURN

| END

| SUERQUTINE MPLOT ,
b INTEGER CODE i
' COMMON/TI TNINC 100 )y IMAXC 100 ) JMIHC 25 ) s JHAKC 275 )5 HAXT y HAXJ s NMTL s HEC
B COMMOM/NFRATAZRC 1O )sCOGECLD  )oXRE1O ) Z{iD e XZ(AD  D»

: INPNUMC 45 B)sT(10  )eXT(10 )

: REAL X(100)sY(100)sTXC(2)sTY(2)s TITLEC 20 )y ZHAX
READ (5y1000) TITLE s RMAXyZMAX

o c CALL CCP2SY (0.750,250,2,TITLE+0.0530)
, c CALL CCP1PL (0.750,7++3) \
. TX( 1)=0,00

TY(1)=0,00

TX( 2)=RMAX/%.0

TY(2)=RMAX/9.0

IHAX=ZHAXRTY(2)+2.0

IF (ZMAX.LT.17.0) ZMAX=17.0

‘o 100 J=1,MAXJ

NSTART=IMIN(J)

NSTOFP=TMAX(J) ;
N=0 :

[0 101 I=NSTART,NSTOF

N=N+1




10t

. 100

103
102
1000

[Z X N

100

110

E=NPNUMI I9J)

Y{NDI=R{ NF)

XONI=Z{NP)

CALL CCFOLN (XsYsNslsTXsTY)

CONTINUE

0 102 I=1yMAXI

NSTART=JMINCI)

NSTOF=JMAX(I)

N=0

U0 103 J=NSTARTsNSTOF

N=N+1

NF=NFNUM(TsJ)

Y{N)=FR{ NF)

X{NI=Z(NP)

CALL CCFAOLN (XsYrNs1sTXsTY

COMTINUE .

CALL CCPIPL (ZMAX9—-0.79-3)

FORMAT (20A4/2F10.0)

RETURN

END

SURROUTINE NAXSTF(IIsJJsKK)

INTEGER COLE :

COMMON/VISC/EFSIN( 1251098 )»SIGUP{ & )» IEFSR( 6+10+8 )y DELTIM

COMMON/FLAS/ALFA( Gy  4s8 1 SIGYLI{72698)sIFGFL(  4,8)

COMMON/NXDATA/NTP s NTSsNTOTSsGTS1G( 24524,8)

COMMON/MATP/ROCSISEC12y18y8)yEEC16)sA0FTS(S)

COMMON/BRASIC/ACELZ s ANGVEL s ANGACC » TREF »y VOL s NUMNP y NUMEL s NUMF C s NUMSC s
1NUMST

COMMON/ARG/RRR{G )y ZZZ( T )oRR(4 19 ZZ( 4215155151 PU15 ) TT(8)y
IHCH915)yCRZS98 ) XTIC 10 )9 ANGLEC( 4 )sSIGI18)yEPS(18) N

COMMON/NPDATA/R( 10  )yCODEC10 )sXR(10 )sZ(10 )eXZ(10 )y
INPNUMS 4y 8)»TC(10 Do XTC(10 )

COMMON/ELDATA/RETACL10  )»EFPR(10 )sPR(4  )sSH(4 )sIX(8 19 )y
1IPC4  )eJP(4  )yIS(4E  )sJS(4  )HALFHACLOY X ITC4  )eJdTC4 )
28T<4 )

COMMON/NXQUALL/ARL

COMMON/NONAXI/S1(30»30)yP1{ 30 )y THETAYBS51{ &+30)

DIMENSION C(18s18)yR(18518)yE1( 35183 32( 4518)yRI( 551811 24(46518)y

BS(46y18)sRBO(SE518)sRIA(SY18)sRIB H 318 )9 H2A( 6518 )2 B2R{ 6918
YsR3ACHy 18 )y R3B( 6518 )y B4A(6518)sR4E( 46918 )9ESA{ 618 )y
RSRB{ 6918 )y BAA( 46918 )sBAB( 4518 )y TVF(18)

ZERO MATRICES
o 100 I=1,18
Do 100 J=1,18
C{Ist)= 0.0
0 110 I=1+4
o 110 J=1,18
H1(I,J) =0.0

B2(IsJ) =0,0
B3(IyJ) =0.0
R4¢(IyJd) =0.0
B5(IsJ) =0.0
RB6(IyJ) =0.0
RR(1) = RRR(II)
RR(2) = RRR(JJ)
RR(3) = RRR(KK)
ZZ(1) = ZZZ(11)
ZZ(2) = ZZZ¢JD)
ZZ(3) = ZZI(KK)

COMM=RRC2)K(ZZ(3)-ZZC 1 ) IRRC1IK(ZZ(2)-TZ( T ) ) HRRET M

-Z2¢2))




c FILL C INVERSE
C(1ls1)= RRC2)I%ZZ(3) -RR(3I )k Z2Z¢(2)) / CO#i
- C(1sy4)= RRO3IXZZ{1)Y -RRC1)% ZZ(3)) / COM
Cl1s7)= RRC1)DIXZZ(2) ~RR(2)% ZZ(1)) / COMM

QN

aoOoOOOO0

120 CONTINUE

[}

o~

rd

-

~4
N

L T S S I O

PN SN PN S SN N SN

O

-~

w

-

ol
N s N

J1=J+9

22¢2) ~ ZZ(3)) COMM
L2(3) - 21 )) COMM
ZZ{1) = ZZI{2)) COMM
RR(3) RR(2)) COMM
RR(1) REC3)) COMM
RR¢ 2) RRC1)) COMM

[

NN NN N

C(1,1)

= C{1s4)

C(1+7)
C(2,1)

= C(2+4)
= C{(2+7)

C{3y1)
C(3y4)
C(3+y7)
Cl{1y1)
CC1y4)
C{1+7)
C{2y1)
C(2+4)
C(2+7)
C(3s1)
C(3+4)
C{(9+9) = C(3+7)
D0 120 I=10,18
0o 120 J= 1,9
I1 = I-9

C(I»J) =(-1./THETA) % C(I1lsJ)
C{Is,J1)=( 1./THETA) % C(I1yJ)

FILL B MATRICES
CONSTANT TERMS
THETA TERMS

Bl
B2
B3
R4
RS
Ré

1/R TERMS

THETA/ R TERMS

Z/R TERMS

THETA %Z/R TERMS
"o 130 J=1,18
E1(1,J) = C(29Jd)
E1(2sJ) = C(69J)
B1(3yJ) = C(2yJ)4C{17+3)
Bi1C4yJ) = C(39J)4C(Sy»J)
B1(SyJ) = C{9sJ) +C(144J)
B¢ &sJ) = C(11,J)
EB2{(1sJ) = C(11,J)
B2(2,J) = C(15,J)
B2(3sJ) = C{(11,3)
B2(49J) = C(125J)4C{14,J)
B2(S5+J) = C(18+J)
B3(3sJ) = CC1sJ)+ C{14s0)
B3(SyJ) = C{(13yJ)
B3(&4sJd) = C(10sJ) - C{(7+J)
EB4(3sJ) = C(109J)
B4(69J) = -C(146yJ))

BRS(3yJ)

C(3yJ) +CC18+J)




mm————— B S Ls e i SEae e ot - - v m e

E BS(5yJd) = C(15sJ)
A B5¢89J) = C(12,3)-CL99d)
: . B&(3yd) = CL1250)
i E6(&6»J) = —CC185Jd)

130 CONTINUE
C NOW CALCULATE BT x I X B
CALL INTER
THETAZ = (THETA %%2)/2.0
THETAS = (THETA %%3)/3.0
N0 140 I=1y6
0 140 J=1+18

g s g

L R1A(TsJ)=(BI( I+ J)KXIC1) +B3C(IsJ)0% XI(2) + BI(IsJ)% XI(4))% THETA +
. 1 CR2( Ty JJ)RXICL) $B4CIs 0% XI(2) + BOCIsdIXk XI(4))%k THETAZ2
: B2AC T3 )=(B1( Iy J)%XI(1) +B3(IyJ)% XI(2) + BS(IsJ)%x XI(4))k THETA2
1 + CB2( Ty JIRXIC1) +R4CTyJ0% XI(2) + BOCTIsJ )% XIC4))X THETA3
E3AC Ty J)=(B1{ I J)KXIC2) +B3(IyJ0% XI(3) + BS(IsJd)%k XI(S))X THETA
p. 1 TR Iy JOXXI(2) +B4C(I,J)% XI(3) + B6C(IyJIX XI(S) )%k THETA2
& R4AC T, J)=CRBI(I+J)kXI(2) +E3(IyJ)¥ XI{3) + ES(IsJ)%k XI(T))k THETAZ2
g 1 FOR2( I, J)KXI(2) +B4( 1,30k XI(3) + Bo(IsJ)X XICS))XK THETA3Z
‘“ BESACI»J)=(BL(I+J)XXI(4) +B3(I»J)¥ XI{S) + B3(IsJ)%k XI(6))k THETA
- 1 + (B2(I,J)kXI{4) +B4(IyJ)% XI(S) + Bo(Is»J)%k XICH6))%k THETA2
= R6AC T2 J)=(RIC( I+ JIXXIC(4) +BI(IsJ)% XI(S) + EBS(IsJ)% XI(6) )k THETAZ
1 + (B2(IsJ)KXIC(4) +R4CTsJ0%k XI(T) + ROC(IsJ )%k XI(H))X THETA3

140 CONTINUE
O 150 I=1y6

DO 150 K=1,18
RIB(IsK)= 0.0

. R2B(IsN)= 0.0

. B3R(I+K)= 0.0

B4B(IsK)= 0.0
BSE(IsK)= 0.0
B6R(IyK)= 0.0
0 150 J=1+6
E1B(IsK) = RIB(IsK) 4+ CRZ(IsJ) X R1A(.JsK)
B2B(IsK) = B2R(IyK) + CRZ(I»J) X% E2A(.JsK)
B3E(IsK) = B3E(I9K) + CRZ(IyJ) X EK3IA(JsK)
B4R(IsK) = B4R(IsK) + CRZ(IsJ) ¥ BR4A(JHK)

' BOSR(IsK) = BSE(IsK) + CRZ(IsJ) ¥ ESA(JHK)

' B6B(IsK) = BSB(IsK) + CRZ(IsJ) X BSA(JIK)

150 CONTINUE
! 0 160 1I=1,18
F, 0 160 K=1,18
i B{TIs,K)=0.0
[0 160 J=1+6
' B(IyK) = B(IsK) + B1(JsIX)kx BIRCJyKDIHB2( Iy IIKR2B(JIsKDIEBI(J» I )%

1 B3B(JyK)+B4( Iy I IKBA4B(Jo K )H+BS( Js I IXESB(JsK ITBOC IS 1IKROB( JsK)

160 CONTINUE
250  CONTINUE
C E(IyK) NOW CONTAINS THE STIFFNESS MATRIX FOR ONE TRIANGULAR ELEMENT
AR1 = ARL + XI(1) XTHETA
[0 235 K=1,6
[0 235 I=1,3
BS1(K»3KII-341)
BS1( Ky 3%JJ=3+1)
: ES1(Ky3KKK-3+1)
| BS1CK,3XII+I412)
BS1CRy3%JJ4+1+12)
| BS1(Ky3XKK+I+12)
n CONTINUE
o IIM = 3% I1 -3

ES1(Ky3XII-3+I) +RIA(KsI )
BS1(Ky3XJJI-31+1) +B1AC(KSI+3 )
BS1(Ky3¥KK-3+1) +BlA(KsI+6 )
BS1(KsIXII+12+41)+E1A(KYI+9 )
BS1(Ky3%JIH+12+I1)+E1ACKs I$12)
BS1(Ky I¥KK+12+I)+BR1ACKs IH+10)

o onnu

r
)
w




JJIM = 3% JJ -3
KNM = 3% KK -3
L0 170 K=1,4
o 179 1=1-3
0 170 J=1+3
IF(K.E&.s1 JOR. K,EQ.2) I1=1
IF(K.EQ.3 .,0rR. K.EQ.4) I1=1 +9
IF(KWER.s1 OR. K.EQ.3) J1=J
IF{(K.EQ.2 +OR. K,EQ.4) Ji=J 9
IFKK.EQ.1 .OR. K.EQ.2) Ki=0
IF{K.EQ.3 +OR. K.EQ.4) Ki=13
IF(K,EQ.1 ,0OR. K.EQ.3) K2=0
IF(K.EQR.2 ,DR. K.EQ.4) K2=15
182 KK2=KKM
TI2=IINM
JJ2=J1.IM
180 KK1=KKHM
JJIi1=J.JM
I11=11%
SICTIIHIHRI»IT24J4K2)
SI(IT1+I4HK1»JJI24JHK2)
SICITI4HIHRKL Y RKK2+IEK2)
S1{JILFIHNKLI S TIZ24IEK2)
S1CIILHIHRKL P JI24HIHR2)
S1ICIILHTHKL s KK24HI4K2)
S1I(KK1+I+K1+sII24J+K2)
S1{KN1+I+K1,JJ24+J+K2)
SI{KKI+I+K1 o KK2+JIH+K2)
170 CONTINUE
IFCIFOCPLINSNTP).EQ.Q) GO TO 190
[0 174 1I=1+18
TVP(1)=0.,0
[0 174 J=1+6
174 TUR(TIHI=TUP{INHEIA( IS I IXEPSINC Ny NTF)
K=3%I11-2
L=3%.JJ-2
M=3%KK-2
[0 179 I=1.+3
J=1-1
PICR+II=PI(K+II-TVUP(I)
P1{R+J+189)=PL( K+J+15)-TVP( I+9)
P1(L+J)=PICL+I)-TUF(I+3)
PLOL4AJFIS)=PI{L+J415)-TVP(I+12)
FiiHtd )=P1{M+I)~-TVP(I+8)
179 PLOMEIHLID)=PLIMEIHLIT)-TVP(I+1LS)
190 CONTINUE
RETURN
ENID
FUNCTION NODECIs.J)
COMMON/TI/IMINCG 100 )2 IMAXC 100 )y IMINC 25 )y IMAXC 25 )y HAXT 1 MAX Iy NMTL s NRC
NODE=0
DO 100 JJ=1y.J
NSTART=IMIN(JJ)
NSTOP=IHMAX(JJ)
IO 100 TI=NSTARTsNSTOF
NODE=NOLE+1
IFCJJ.EQ,J,ANDJITIWEQ.I) RETURN
100 CONTINUE
RETURN
END

SICTITL4HT4KL» TI2434K2) +R( 114J1)
SICIT1+I+RK1 s JI24HTHR2) +H(I14J143)
SI{II1+I+K1yKR24+J+KR2) +R(I1sJ116) '
SICIJIHIHRL S TI24J4K2) +B(I1435J1)

S1CJJLI+IRLy JJ2HIHR2) HR(I1435J143)
S1{JJL+I+KR1yRR2+J4K2) +B(II1439J216)
SICRNI+I4K1y TI24J4K2) 4+ B(I1465J1)
SICRK1+I+K15JJ24J4K2) + B(I1+65J143)
S1I(KK1+I+K1yKK2+J+K2) + EB(I1+6sJ146)

iwionnun o un

oo il Seren
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SURROUTINE FOINTS

INTEGER COLE

COMMON/BASIC/ACELZy ANGVEL » ANGACC » TREF » VOL » NUMNF » NUMEL » NUNPC » NUMSC
INUMST

COMMON/MATE/ROCS )T 1251658)yEEC146)9ACFTSL 6)

COMMON/NFDATA/RC10 3 CODECL10 )y XR(10 )s Z(10 ) XZ(10 )y
INPNUMC 4, 8)2T(10 ) XT(10 )

COMMON/ELDATA/BETACLI0  )sEPRCLO  )PR(4 D)y SH(4 )sIX( 8B 1S )y
1IPC4 D JP(4  )»IS(4 ) JS(4  )yALPHA(L10 D)y IT(4  )JT(4 )y
25874 )

COMMON/SOLVE/X(888),Y( 888 ), TEM( 838 >» NUNTC » MEAND

COMMON/TI/ IMING 100 )5 INAXC 100 )y JMINC 25 ) JHAX( 2T ) 1 HAXT 1 HAXJI » NMTL s NBC

COMMON/PLANE/NPF

HIMENSION ARC 49 8)rAZ( 4, 8)yMATRIL(100s5 )sBLKANG( 100 )y ELKALF(1
100)

DIMENSION IBNG( 100 )sNENG(100)

EQUIVALENCE (R(1)sAR)»{(Z{(1)yAZ)

ESTARLISH NODAL FPOINT INFORMATION

Cx X X X %X ¥ % %X % ¥ ¥ X % ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥k ¥ ¥ X X ¥ X ¥ X X X X
NEL=0
NODSUM=0

no 100 J=1,MAXJ
NSTART=IMINCJ)
NSTOP=IMAX(J)
0 100 I=NSTARTsNSTOP
100 NODSUM=NODSUM+1
NELSUM=0
JIMAX=MAXJ-1
N0 110 JJ=1,JJMAX
NSTOP=MIMNO( IMAX( JJ )y IMAX(JJ+1))~-1
NSTART=MAXO( IMINC JJ )y IMINCJJI+1))
[0 110 II=NSTARTsNSTOP
110 NELSUM=NELSUM+1
NUMNP=NODSUM
NUMEL=NEL SUM
WRITE( 15 )NUMEL » NUMNF
[0 120 J=1,MAXJ
NSTART=IMINC(J)
NSTOP=IMAX(.J)
[0 120 I=NSTART,NSTOF
NPNUMC T+ J )=NODEC I+J)
NP=NPNUM( IsJ)
R{NP)I=AR(I»J)
120 Z(NP)I=AZ(1+J)

CX X X X % X X X X ¥ ¥ X ¥ ¥ X ¥ ¥ ¥ X X ¥ X X ¥ ¥ ¥k X X X X X X ¥ X X

c

READ AND' ASSIGN BOUNDARY CONDITIONS

Cx X % % % X % %X X X % X %X X X ¥ ¥ X ¥ X X X ¥ X ¥ X ¥ ¥ X X& X ¥ X X ¥

c

INITIALIZE

CX X %X X X X X ¥ X X X ¥ ¥ X X X K X ¥ ¥ XX X XXX X X X¥X XX ¥ X X

[0 130 I=1,NUMNP
CODE( I)=0
IF(R(I).EQ.0. ANDII,NFP,EQ.Q) CODE(I)=1.
- XRCI)=0,
XZ(I)=0.
XT(I1)=0.0
130 T(I)=0.
IF(NEC.EQ.0) GO TO 210
N0 200 IRCON=1,NBC
REAIM 5,1002) T11,125,J1532»ICNsRCON»ZCON» TCON
no 200 I=11,12

el




A

DO 200 J=J1yJ2
NF=NFNUM{ I»J)
h CORE( NP )=ICN
XR{ NF )=RCON
XTONFP )=TCON
XZ(NFP )=ZCON
200 CONTINUE
210 MPRINT=0
WRITE(15)(CODECTI )y I=1yNUMNP)
WRITE(1S5)  XR(I)»I=1sNUNNP)
WRITEC13)( XT(I)r»I=1rNUMNP)
WRITE(13)X  XZ(I)sI=1sNUMNF)
DO 230 J=1sMAXJ
NSTART=IMINC(J)
NSTOP=IHAX{J)
DO 230 I=NSTARTyNSTOP
NP=NFNUM( Iy.J)
IF(MPRINT.NE.O) GO TO 220
WRITE(652000)
MPRINT=59
220 MPRINT=MFRINT-1
230 WRITEC622001) I+ JsNFPCODECNPISRINP )1 Z(NP )2 XR{NP I s XZONP )2 XTC NP)
Cx X X ¥ X X ¥ X X X X X ¥ X %X ¥ ¥ X ¥ X ¥ X ¥ ¥ ¥ X ¥ ¥ ¥x&¥x X ¥ X ¥ x
c ASSIGN MATERIALS IN BRLOCKS
Cx %X X X X X X X X X X %X X % X X ¥ X ¥ ¥ ¥ X X XXX XX XX&Xx X % X
[0 300 M1=1sNUMEL
300 IX(M1,5)=0
DO 310 IMTL=1yNMTL
READ (551000) MTLs(MATRILCIMTLIM)yIM=2,5 )y BLKANG( IMTL )1 BLKALF( INT
1L ) IBNGC IMTL )y NBNGC IMTL)
310 MATRIL{IMTLs1)=MTL .
Cx X X % % X X % X X X % ¥ ¥ ¥ ¥ X X X X ¥ X ¥ X X X X ¥ X ¥¥X X ¥ X ¥ X
c ESTABLISH ELEMENT INFORMATION
Cr X X X X % % X X X X ¥ X ¥ %k X X ¥ X ¥ ¥ X ¥ ¥ X ¥ ¥ X XX&X X X X %
JIMAX=MAXJI~-1
N=0
MTL=1
KTL=1
RO 440 JJ=1,JIMAX
NSTOP=MINOC( IMAX{ JJ)s IMAX( JJ+1))-1
NSTART=MAXO( IMINC JJ ) » IMINCJJ+1))
D0 440 II=NSTART,NSTOP
NEL=NEL+1
DO 400 IMTL=1sNMTL
IFCITI.LT.MATRIL(CINMTLS2)) GO TO 400
IFCIXI.GE.MATRIL(IMTLY3)) GO TO 400
IF(JJ.LT.MATRILCIMTL4)) GO TO 400
IF(JJ.GE.MATRIL(IMTL,S)) GO TO 400
KAT=IMTL .
MAT=MATRIL(IMTL,1)
400 CONTINUE
- IF(KAT.EQ.KTL) GO TO 410
KTL=KAT
MTL=MAT
: GO TO 420
430 IF(II.EQ.NSTART) GO TO 420
IF(JJ.NE.JIMAX.OR.IINE.NSTOP) GO TO 440
M=NEL +1
IANG=ICNG
NANG=NCNG

44




GO TO 421
! 420 I=NPNUM(IIyJJ)
b . J=I+1
i K=NFNUM( TI+19JJ41)
; L=K—-1
\ : M=NEL
; IX{Ms1)=1
IX(Ms2)=J
IX(My3)=K
IX(My4)=L
IX{M»S)=MTL
RETA{ M)=BLKANG{ KTL)
ALPHA{ M )=BLKALF(KTL)
IANG=ICNG
F. NANG=NCNG :
3 ICNG=IBNG{KTL) : ]
; NCNG=NENG( KTL)
421 NC=2
430 N=N+1
IF(M.LE.N) GO TO 440
IX(N»1)=IX(N-1s1)+1
o IX(CNs2)=IX{N-122)+1
IX(Ns3)=IX(N-153)+1
IXCNs4)=IXIN-1v4)+1
IX(NsS)I=IX(N-1+5)
EETA( N )=RETA(N-1)
IF(IANG.EQ.1) GO TO 442
ALFHA( N )=ALPHA( N-1)
GO TO 443
442 CONTINUE
IF(NC.GCT.NANG) GO TO 444
ALFPHA( N )=ALPHA{N-1)
s GO TO 443
A 444 NC=1
o ALPHA N )=-ALPHA( N-1)
443 CONTINUE
' NC=NC+1
i IF(M.CT.N) GO TO 430
' 440 CONTINUE
IF({ NUMNP.GT,.2000) WRITEC 62002
e Ck X X X %X %X X X X X X X X X X ¥ ¥ ¥ ¥ X X ¥ %X ¥ ¥ X ¥ X X ¥¥g% g% %

; c SET NODAL POINT TEMPERATURE TO REFERENCE TEMPERATURE
! CX X X X X XX X XXX XXX XKXKKARKKXE XXX KKK KK KX XX
n IF{ NUMTC,NE.0) RETURN

: ' DO S00 N=1/,NUNMNP
900 T(N)=TREF

1000 FORMAT (S5IS5,2F10.0,21I35)

1002 FORMAT(4I55I10,3F10.,0)

2000 FORMAT (128H1 1 J NP TYPE R-~0ORDINATE Z-0RDINA
1TE R LOAD OR DISPLACEMENT Z LOAD OR DISPLACEMENT T LOAD OR DISP
2LACEMENT)

2001 FORMAT (2159169112)F13.6yF14.69E26.7sE24.79E24,7)

2002 FORMAT (35SH EBAD INPUT -~ TOO MANY NODAL POINTS)

RETURN

END

SUBROUTINE QUAD

INTEGER CODRE

REAL NUSN»NUTN»NUTS, NUNS»NUNTsNUST

DIMENSION DUMMY( 496 )yDUMMY1(616)

COMMON/PLAS/ALFA( Sy 498 )ySIGYLL(7+6,8)rIFGFLL  4+48)
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P A

COMMONSARGL/SIG1L 18)sEFPS1{18)»PEFIFI L2 CEPLNI G 6)
COMMON/NXLGATA/NTFINTS s HTOTSyLTS1ES krs-vs &)

COHHUN/BASIC/QCELZ»ANGUEL;ANGhrtv.REF VOL s RURRF 7 HUHEL s HUMPC s RUNSSy

INUMST

COMMON/NXQUATL/ARL
COMMON/NONAXI/S1{30530)yFP1(30)y THETHRsES1( %303
COMMON/MATE/ROUA ) ECI2y 1698 HEECLS )5 ALFTE(S S .

COMMON/NFIATASRC 10 )y CODRECLO )y XRELO ) Z{I0 Iy XZI10 )y

INPNUNMC 45 8)yTC10 ) XT{10 )
COMMON/ELDATA/RETACL10  )sEFRCIO D)sFRCO4 NSHO4 Dy IA{U
1IFC4 ) JP{4  )eIS(4  )yJE(4  )sALFHAILO ):1!(4 YedT( 4
28T(4 )
COMMON/ARG/RRR{S )9 ZZZ{ 539 RRE4 )9 ZZC4) G010 13) s PULTG )4 TTC S )y
1H(6515)sCRZ( 696 )9 XIC 10 )y ANGLEC 4)»SIG{ 18),EPS{ 18)s N
COMMON/INCR/NOLINCy NOL» INERT » NUMMAT»SIGTOTS 12y  458)
COMMON/RESULT/BS( 55150555 )yC{ 618 )1ARIRE{ &1 F)sCNE( S5 8)
COMMON/PLANE/NFF
COMMON/IUML/S1TEM(3530)9s51T( 24524 )5 TS( 6524)
DIMENSION S2T(24+6)
DIMENSION BS1T(693) »FIT(3) »F1TT(24)
I1=IX(Ns1)
J1=IX{N+2)
K1=TX(Ns3)
L1=IX{Ns4)
MTYPE=IX(N+D)
IXCNsS)==IX{(Ns3)
Ck X X X X %X %X X X X X X X ¥k ¥ ¥ ¥ x & ¥ ¥ ¥ ¥ ¥ X X ¥ ¥ ¥ ¥¥xX
c INTERFOLATE MATERIAL PROFERTIES
CX X X X X % X X % % X ¥ ¥ % X ¥ ¥ % X ¥ ¥ ¥ ¥ ¥ ¥ ¥ %X ¥ ¥ % ¥ x
0 100 I=1,12
100 EECI)=EC(1,I+1+MTYPE) !
PO 110 I=1,4
o 110 J=1,6
CNS(153)=0.00
C{IsJ)=0.00
110 I I,.)=0.00

Cx X X X X %X X X X ¥ ¥ ¥ % % ¥ % & % ¥ ¥ ¥ & % %X & %X % % ¥ ¥ % 9
c FORM STRESS-STRAIN RELATIONSHIF IN N-5-T SYSTCHM
Cx % X% X% % % % % %X X % % % x X ¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ % ¥ % X ¥ ¥ X
NUNS=EE(4)
NUNT=EE(S)
NUST=EE{(6)

NUSN=( EE( 2 )XNUNS ) EE{ 1)
NUTN=({ EE( 3 )XNUNT )/EE( 1)
NUTS=( EE( 3 )XNUST )/EE( 2)
TIV=1,00-NUNSKNUSN-NUSTRNUTS-NUNTXNUTN-NUSNANUNTXNUTS
1-NUNSXNUTNXNUST

CNS( 151 )=EE(1)k(1,00-NUST¥NUTS)/DIV
CNS( 152 )=EE( 2 )X({ NUNSH+NUNTRNUTS)/LIV
CNS(1,3)= EE(3)*(NUNT+NUNS¥NUST)/DIU
CNS( 2,1 )=CNS(1,2)
CNS(2y2)=EE(2)%( 1,00~ NUNT*NUTN)/UIV
CNS{ 2,3 )=EE( 3 )¥( NUSTHNUSNANUNT )/DIV
CNS( 3,1 )=CNS(1+3)
CNS(3,2)=CNS(2+3)

CNS( 353 )=EE( 3)%(1,00-NUNSXNUSN)/DIV
CNS( 454 )=EE(7)
CNS( 5»5)=EE(8)
CNS( 656)=EE(?)

[0 162 I=1+6

X
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o 1462 J=1so
162 CEPSP(I,.1)=0.0
(4 TF (IFGPLI(NNTP).NE.O)CALL ELPLSS{NMTYFE)
( SET UF STRAIN TRANSFORM TO N-S-T SYSTEM
SINA=SINCALPHAI(N))
COSA=COS{ ALFHA{ N ))
B2=SINAKK2
C2=COSAX%?
SC=5INAXCCSA
I 1+1)=C2
K 153)=82
3 K 1y6)=—-5C
3 K 251)=82
I 2:,3)=C2
I 256)=5C
[ 3,2)=1,00 .
N(451)=2,00%SC
I 45,3 )=-2,00%5C
I( 454 )=C2-52
F ’ I 5y 4 )=SINA
N I 595 )=C0OSA
. I &4 )=COSA _
I 655 )=-SINA 1
c SET UP STRAIN TRANSFORMATION TO R-Z-T SYSTEM
SINE=SIN(RETA(N))
COSE=COS{BETA(N))
S2=GINRX%2
C2=COSEX%2
SC=SINRXCNSE
C{1y1)=52
Ci{1+2)=C2 ‘ .
C{1s4)=SC
C2,1)=C2
. €(2y2)=52
C(2+4)=-5C
C{3+3)=1.00
' Cl{4s1)=-2,00%SC
| C{ 4,2)=2.00%SC
C{ 444 )=52-C2
- C({5+5)=5INR
- C{5»46)=-COSE
, C( 46+5)=COSK
- C(4y5)=SINR
‘ IF (IFGPL{NsNTF).NE.Q)CALL ELFLSS(MTYFE)
. c CALCULATE CRZ MATRIX
[0 120 I=1+6
DO 120 J=1+4
. DUMMY{ 15 J)=0,00
N0 120 K=1+6
120 DUMMY(TI»J)=DUMMY( I+ J)4+D T9yK)XC(KsJ)
D0 130 I=1+6
DO 130 J=1,6
DUMMY1¢1,J)=0.00
[0 130 K=1,4
; 130 DUMMY1( I J)=DUMMY1¢ I+J)+CNS{ IyK )XDUMMY( Ko J)
: [0 140 I=1+4
; DO 140 J=1+6
DUMMY( 1+.3)=0,00
NC 140 K=1,4
140 DUMMYC Y J)=DUMMYC I J)+0¢ Ky IDKDUMNY 1(Ky J)
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150

161
160

190
200

220

90
240

IO 160 I=1y8

DO 150 J=1y6

CRZ(Iy43)=0,00

[0 150 K=1,6
CRZ(IsJ)=CRZ( L+ J)HCOR» I MEDUNNY(NSJ)
TT(I1)=0.00

[0 160 M=1+6

FP(H)=0.00

[0 161 1I=1,3

IFCAOFTS(MTYFE).EQ.1.) POM)I=CNS(M» IIXKEECIIT)
PCH)I=P(M)HTON)-TREF )XCNS(M» IIIREEC I YY)
DO 160 K=1y6
TTCI=TTCINMCIK, I XD My K IXP( M)

FORM QUADRILATERAL STIFFNESS MATRIX
RRR(S)=(R(I1 )R(J1)+R(K1)+R(L1))/4.
ZZZ(S)=CZCI14ZCJ1H4Z(K1)+2(L1) ) /4,
0o 200 M=1,4
MM=IX(N:M)
IF(NPP.NE.O) GO TO 190
IF(R(MM).EQ.O, ANL,.CODE( MM ).EQ. 0, CODE( MM )I=1,
RRR( M )=R(MM)
ZZZ(M)=Z(MM)
B0 220 II=1,15
P1(1I)=0.0
PI(II+15) =0.0
P(II1)=0.00
D0 220 JJ=1,15
S{(I1+JJ)=0.00
voL=0,
DO 90 I=1+6
DO %0 J=1,15
BS1(I+,J)=0.0
BS1(I,J$+15) = 0.0
ES(I,J)=0,00
AR=0.00 A
CALL TRISTF{(4,1,5)
CALL TRISTF(1+2+3)
CALL TRISTF(Zy3+5S)
CALL TRISTF(3+4,5)
DO 91 I=1+6

- DO 91 J=1,15

91

310

320

325

BS(I,J)=BS(IsJ)/AR
no 300 I=1,30
no 300 J=1,30
S1(I,J)=0.0
AR1L =0.0
CALL NAXSTF(451+5)
CALL NAXSTF(1+255)
CALL NAXSTF(2,3,+5)
CALL NAXSTF(3+4,3)
DO 310 I=1+6
DO 310 J=1,30
BS1(1,»J)= BS1(IsJ)/AR1
N0 320 I=1,4
no 320 J=1,3
BSIT(I+J) = BS1(1,J412)
DO 325 I=1,4
DO 325 J=1,12
BS1(IsJ+12) = RS1(I,J+15)




¥ 330
<+ 340
341
342

149

151

152

153

253

254

255

256.

258

DO 330 I=1,6
L0 330 J=1+3
ES1(I+yJ424) = BS1T(IyJ)
DO 340 I=1,3
PIT (I) = P1(I+12)
DO 341 I=1y12
FP1(I+12) = PI(I+13)
DO 342 I=1,3
FP1(I+24) = P1TC(I)
DO 149 I=1,3
DO 149 J=1,30
SITEM(I»J) = S1(I+125J)
RO 151 I=1,12
D0 151 J=1,30
S1(I+12»J) = S1(I+15,J)
nog 152 I=1,3
DO 152 J=1,30
S1(I+245J) = SITEM(INJ) -
o 153 I=1,3
DO 153 J=1+30
SITEM(I»J) = S1(JsI+12)
Do 154 J=1,12
D0 154 1I=1,30
S1(I,J+12) = S1(IsJ+135)
0 155 I=1,+3
DO 155 J=1,30
S1( JrsI+24) = S1TEM(TI»J)
RO 251 I=1,6
o 251 J=1,24
TS(IsJ) = 0.0
ng 252 1=1,3
D0 252 J=1,4
TS(IyI+{(J-1)%3) = 0,250
TSC(I+3sI+124¢J-1)%3) = 0,250
N0 253 I=1,24
ng 253 J=1,24
SiT(I»J) = 0.00
DO 253 K=1,4
S1T(IyJ) = SIT(IsJ) + SI(I»24+K)IXTS(K»J)
N0 254 I=1,24
DO 254 J=1,24
S1(IsJ) = S1(IsJ) + SIT(IHJ) + S1TC(JHI)
Do 255 I=1,24
DO 255 J=1+6
S2T(IsJ) = 0.0

- DO 235 K=1+6

S2T(IsJd) = 82T(I+J) +TS(KyI IXSL(K+24,J424)
no 256 1I=1,24
[0 256 J=1+24
S1T(IyJ) = 0.0
DO 256 K=1+6
S1T(IsJ) = S1TC(IsJ) + S2T(IIKIKTS(KsJ)
DO 257 1I=1,24
DO 257 J =1,24
S1(IsJ) =S1(IyJ)SIT(I»Jd)
DO 258 I=1,24
P1TT(I)=0.0
DO 258 K=1+6
PITT(I)=P1TT(I)+TS(Ks I )XPL{K+24)
DO 259 I=1,24
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259 FICTI)=FI¢IHPITT(I)
' RETURN
4 v END
: SUBROUTINE SOLY
% R COMMON/ELDATAZ/EETACLO  )yEPR{10 )5 FR(4  )sSH(4 Yy IX(8 45y
j LTIECH ) JFC4 s ISE4 )y JB(4 )y ALFPHALLD  IsITC4 . )sdT(4 Dy
: 25T(4 ) » ) :
' COMMON/BASIC/ACELZ y ANGVEL » ANGACE y TREF y VOL 5 HUNNF » HUMEL s NUNFC » HUHSC y
INUMST
COMMON/NONAXT/S1¢ 20,300 F1¢ 20)s THETAES1{ 6530)
COMMON/NXDATA/NTE s NTSyNTOTSs6TS16{ 245 2458)
COMMON/SOLVE/ZRC 72)yA0 72534 )y NUMELK s NEARD:
MM=MRAND
NN=34
NL=NN+1
NH=NN+NN
REWIND 1
REWIND 2
NE=0
€O TO 150
. CX X X X % & % % % X % X % % % % ¥ ¥ ¥ X ¥ & ¥ ¥ % ¥ ¥ ¥ ¥ ¥ & ¥ % X & %
K c REDUCE EQUATIONS RY RLOCKS
§ CX X X X X % % % X ¥ % % ¥ % % % % ¥ % % % % % % % % % % ¥ ¥ % ¥ % % X & i
c
c 1. SHIFT BLOCK OF EQUATIONS
c
100 NE=NR+1
[0 125 N=1,NN
NM=NN+N
B(N)=RONM )
3 B¢ NM)=0,00 .
3 00 125 M=1,MM
AC Ny M)I=AL NMs M)
125 ACNMsM)=0,00

CEE R . otatic e

2., READ NEXT ELOCK OF EQUATIONS INTO CORE

OO0

| IF(NUMBLK.EQ.NE) GO TO 200
- 150 READK2) (BON)sCA{NsMIosM=1sMM ) s N=NLINH)
IF(NKE.EQR.O0) GO TO 100

: C
} , c 3. REDUCE BLOCK OF EQUATIONS
c

4 200 [0 300 N=1,NN
: IF(A(Ns1).EQ.0.00) GO TO 300
1 BCNDI=R(N)/A(N»1)
| DO 275 L=2sMM
* IFCA(NsL),EQ.0,00) GO TO 275
; C=A NyL )/A(Ns1)
. I=N+L-1

J=0

[0 250 K=LsMM

J=J41

, 250 ACIs.J)=ACT9J)-CXA(NIK)
. ECI)=BCI)~A(NsL JXR(N)
o Al Ny L )=C
275 CONTINUE

300 CONTINUE

c 4, WRITE EBLOCK OF REDUCED EQUATIONS ON FORTRAN UNIT 1




g
¥
R

:

e e e e

IF(NUMELK .EQ.NE) GO TO 400
WRITE (1) (BON)sCACNSH)sM=2,HM)aN=1sNN)
GO TO 100
CK % % % % X X X X % % X X K X ¥ X ¥ ¥ ¥ K ¥ X X ¥ ¥ ¥ K K £ & X X % % &
c EACK-SUESTITUTION
CX % X %X XX K X X X X X X X X X % ¥ K £ £ % Kk kX K ¥ X XAk Xk X &
400 [0 450 M=1sNN
N=NN+1-M
DO 425 K=2,MM
L=N+K-1
425 BCN)I=R(N)~ACNs K IXE(L)
NM=N+NN
BCNMD)=F(N)
450 A(NMsNE)=E(N)
MR=NB-1 ~
IF(NE.EQ.0) GO TO 500
BACKSFACE 1
READ (1) CBON)sCACNsM)sM=2sMM s N=1sNN)
EACKSPACE 1
60 TO 400
CX X %X K X %k % &£ % ¥ ¥ ¥ ¥ X K K K X X X XK K X K X K K K K K KX XX XX
c ORDER FORMER UNKNOWNS IN B ARRAY
CX X % X X X K X X X X X X K X X X KX XK KK XK KK XKKEX XK XX
500 K=0
[0 600 NE=1,NUMELK
[0 400 N=1yNN
NM=N+NN
K=K+1
600 E(K )=AC NMsNB)
CE X % X %X X X X X X X X X XXX XX XXXEXEXXXKXXNEEXK X% XX
c WRITE SOLUTION
CX X X % % X X X X X X X X ¥ K £ X X X K ¥ X X K X X x X XX & X X & & &
NN12 = 3%NUMNP
1500 FORMAT(" *»5SI10)
WRITEC26) (B(I)yI=1sNN12)
WRITEC 26 X CIXCI9d)sJd=1+5)s I=1yNUMEL)
MPRINT=0
D0 710 N=1,NUMNP
IF(MPRINT.NE.O) GO TO 700 ‘
WRITE ¢452000)
MPRINT=59
700 MPRINT=MPRINT-1
710 WRITE (652001 ) NyB(3kN~2)sB(3EN-1)s B( 3%N)
2000 FORMAT (13H1 NODAL POINT»18X»s2HURy18X»2HUZs18Xs2HUT)
2001 FORMAT (T113s3E20.7)
RETURN
END
SUBROUTINE STIFF
INTEGER CODE
COMMON/RESULT/ES(8915)sT1( 696 )9C( 696 )9 ARyBE( 699 )9 CNS( 616)
COMMON/ARG1/SIG1¢ 18 )»EP51( 18 )y DEPSP{ 12)+CEPSP{ 616)
15322$N/BQSIC/ACEL2.ANcuEL.ANGACC.TREF,vOL,NUMNP.NUMEL.NUMPC.NU&SC.
COMMON/ELDATA/BETAC10  )9EPR(10 )sPR(4 )SH(4 ) IX(8 5D
ié?:: ;;JP(4 }1ISC4  )rJSC4  )ALPHAC L0 1HITC4  )pdTC4 )y
COMMON/NPDATA/R(10  ))CODEC10  )sXR(10 )rZ(10 )rX2(10 v
INPNUMC 4y 8)9TC10  )yXTC(10 )
COMMON/SOLVE/BC 72)5A( 72434 NUMBLK» MEAND




-y

rinen e

COMMON/NXDATA/NTPyNTSsNTOTS 1 GTS16( 245 24,8)
COMMON/ANS4/FT( 2494 )yGTS1UC 24 )»GCTSIUT( 24,4)

) COMMON/ARG/RRR( S )1 ZZZ(S)sRRC4 )9 ZZC 4 )1 SC 154150 FC15)TT( 6 )y
1H(4515)yCRZ( 646 )9y XIC10)yANGLEC(4)ySIG(18)»EPS( 189N

- COMMON/NONAXI/S1(30»30)sP1(30)s THETA'EB51( 46+ 30)
COMMON/PLANE/NPP

COMMON/ANS2/GTP1( 24 )90GC 2424 )yCTS1( 24524 )9y GTSIBGE( 24,24 )
COMMON/LUM1/S1TEM(3»30)9S1T( 24,24 ),TS( 6424)
COMMON/RATE/DKPRs SIGPRyBURYEVRyPSRATEL 10s8)/NRATE
DIMENSION LM(4)sS2(1253)s53(3512)554(34y3)1555(12+s3)9546(12,12)
Ck % X X X X X X X X X X X ¥ ¥ ¥ ¥ ¥ ¥ %X X X ¥ ¥ ¥ ¥ % ¥ ¥ ¥ X ¥ ¥ x £ x
c INITIALIZATION
NRATE=1
REWIND 2
REWIND 3
NB=12
NDR=3%NR
ND2=2%ND
STOP=0.
NUMBLK=0
DO 100 N=1,ND2
B(N)=0,00
DO 100 M=1,ND
100 ACN»M)=0,00
DO S0 I=1,24
FT¢CISNTP) = 0,0
GTSIUT(IsNTP)=0.0
D0 50 J=1,24
S0 GTS1G(IsJ»NTP) = 0,0
CE X X X X X X X X X X X %k ¥ X X X ¥ ¥ %X X ¥ ¥ ¥ %X X ¥ X % ¥ % * ¥ X X %
c FORM STIFFNESS MATRIX IN BLOCKS
Ck X X X X X X X% % %X X X X X ¥ X X ¥ X ¥ ¥ X ¥ XX X ¥ ¥ ¥¥X& % X X ¥ %
200 NUMBLK=NUMBLK+1
NH=NBX( NUMBLK+1)
NM=NH-NB
NL=NM-NB+1
KSHIFT=3%XNL-3
DO 340 N=1,NUMEL
IFCIX{NsS).LE.O) GO TO 340
DO 210 I=1,4
JIFCIX(NsI).,LT.NL) GO TO 210
IFCIX(N»I).LE.NM) GO TO 220
210 CONTINUE
GO TO 340
220 CALL Quab
‘IF(VOL.GT.0,.) GO TO 230
WRITEC6y2000) N
STOP=1.
230 IFCIX(N»3).EQ.IX(Ns4)) GO TO 300
D0 231 II=1,3
DO 231 JJ=1,3
231 S4(IIyJJ)=S(II+12,JJ412)
CALL SYMINV(S4,3)
DO 232 II=1,12
DO 232 JJ=1,3
232 S2(1X19JJ)=8(I1»JJ+12)
DO 233 11=1,3
DO 233 JJ=1,12
233 S3(IIyJJ)=S(II+12,JJ)
. DO 240 I=1,12

52




] IO 240 J=1,3
= 85¢19J)=0,00
f [0 240 K=1y3
240 SS(Isd) = SSC(IsJd) + S2(TsK) ¥ S4(KsJ)
- N0 241 I=1+12
[0 241 J=1512
S&( I5J)=0,00
[0 241 K=1,3
241 S&(I,J) = S6(Iyd) 4 SSCIsK) X SIHKyd)
D0 234 11=1,12
[0 234 JJ=1,3
234 PCIT)=P(I1)-S5¢ T1yJJIKP(JI+12)
[0 235 II=1,12
D0 235 JJ=1,12
235 SCII,JJ)=8(11+JJ)-86¢IT1sJJd)
D0 259 I=1,24 :
b D0 259 J=1s24
b 259 G(IyJ) = 0.0
g~ DO 260 K=1s4
[0 240 I=1+3

G(RX3-3+1»I%4-3) =1.0
GOK¥3-3+I»I%4-2) = RRR(K)
G(KX3~-3+IsI%k4~1) = ZZZ(K)

260 G(KX3-3+I,I¥4 ) = ZZZ(K)  XRRR(K)
0 262 I=1,12
ID 262 J=1,12
G(I+12,J412) = G(I+J)
NTP20 = 21
WRITECNTP20) (¢ CRZCI2d)pd=176)11=1+6)
WRITE(NTP20 ) (BS1¢I+J)rJ=1,30)11=1+6)
WRITECNTP20 X CGCTsd )9d=1,24)51=1524)
MRITEC(NTP20)((CEPSP( 15J)yJ=158)11=16)
MRITE(NTP20 ) (CNSCIsJ)rd=116)51=1,8)
WRITECNTP20 X (DCIvJ )sd=156)s1=1+5)
WRITECNTP20 X CCCIvd Jed=148)115114)
[ 00 280 I=1,24
' GTP1¢1)=0.0
; [0 280 K=1,24
| GTSICIsK) = 0.0
- ETP1CI)= GTP(I)+ G(K»I)XPIC(K)
DO 280 J=1524
1 280 GTS1(I»K) = GTSICI,K) + G(JsI) ¥ S1(JyK)
: WRITEC3) ((GTSICIsd)rd=1,24)11=1,24)
DO 281 I=1+24
| FTCIoNTP) =FTCISNTP) + GTRICI)
y D0 281 J=1,24
GTS1GE(I»J) = 0.0
: D0 281 K=1,24
281 GTSIGE(I»J) = GTS1GECIsJd)+ GTSICT,K) KE(KsJ)
10 282 1=1,24
D0 282 J=1,24
282 GTS1G(I+JsNTP) = GTS1G(I,JsNTF) + GTSIGE(I,J)
CE X X X % X X X K XK X X % % % X ¥ X X% KX XX

M
o
8]

¥ X XX %X X & %X x
IX
: XX X X X X X %

X X
c ADD ELEMENTY STIFFNESS MATRIX TO EODY STIFFNESS MATR
Cx X X X 2 X X XX % X X X ¥ X X X X X X X X Xgx %% %
300 DO 310 I=1,4
310 LMCI)I=3XIX(NyI)-3
B0 330 I=1,4
J DO 330 K=1,3
II=LMC I M4K-KSHIFT




KN=3%I-3+K
: B TID)=B{ TT)+PIRK)
i - 0o 330 J=1,4
¢ 00 330 L=1,3
i JI=LMC I ML -TI+H1-KSHIFT
! LL=3%J-3+L
! IFCJIWLEL0) GO TO 330
IF{ND.GE,JJ) GO 10 320
WRITECS»2001) N
STOP=1,
GO TO 3490
320 ACTI»JI)=ACTIIsJIISCRKILL)
330 CONTINUE
3 340 CONTINUE ,
- CX X X X X X ¥ £ X ¥ ¥ ¥ £ ¥ ¥ ¥ X ¥ X ¥ ¥ ¥ ¥ ¥X ¥ X ¥ % ¥ & &% % |
4 c ADD CONCENTRATED FORCES g
CX X ¥ %X X X X % %X ¥ % £ ¥ ¥ ¥ ¥ % ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ £ %% % ¥ X ' ?
[0 400 N=NLsyNM
IF(N.GT.NUMNP) GO TO 500
K=3%N-KSHIFT
(K D=B{K MHXTN)
B(K-1)=B{K-1)+XZ(N)
400 R(K-2)=R{K-2)+XR{N)
CK X ¥ ¥ % X % X X X ¥ ¥ ¥ X ¥ ¥ X ¥ X ¥ ¥ X ¥ ¥ ¥ ¥ X%
c AlD FRESSURE ROUNDARY CONDITIONS
3 Ck X X %X % %X X % X % & X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ % x
k. 500 IF{NUMPC.EQ.0) GO TO 600
, N0 540 L=1yNUMFPC
b I=IP{L)
S J=IP(L)
PP=PR(L /&, .
, LR=CR¢ J)-R( 1) )XPP
8 NZ=¢Z¢I)-Z¢J))IXPP
ks RX=2,%R{ IR J)
ZX=R{ 142, %R(J)
, I1=3%XI-KSHIFT-1
| JJ=3%J-KSHIFT-1
! IF(IXI.LE.O.OR.II.GT.NI) GO TO S20
| SINA=0.,

3%
=
%
36
I3

%
3¢

£
¥*
3¢
e
3
*
¥*
*
L

3¢

' Caosa=1.
i 510 B(II-1)=RCII-1)+RX¥(COSAXDZ+SINAXDIR)
; ' GR=RX¥({ COSAXDZ+SINAXDR )XTHETA/2.0

|

B FTC1sNTP) = FT(1sNTP 4GR

- FT(2,NTP) = FT(2,NTF) +R¢I)IXGR

- FTC3,NTP) = FT(3sNTP) +Z( 1)XGR
P FTC4sNTF) = FTC(4sNTP) + RCIDIXZ(I)IXGR
0 FT(14»NTP)= FT(14,NTP) +R( I )XGR

: FTC13sNTP) = FT(13»NTF) +CGR
b FTC1SsNTP) = FTC1S,NTP)4Z( I )XGR

, FTC16sNTF) = FTC16yNTP) +Z¢ I)¥R( I )XGR

; E(II)=B({II)-RX¥(SINAXIZ-COSAXIR)

! GZ=-RX¥{ SINAXIIZ-COSAXDR ) XTHETA/2.0
: C FT(SyNTP)I=FT( S+ NTP )+GZ
i FT(6eNTP)=FTC( s NTF)+R( I )XGZ
FTC7sNTP)I=FT(7»NTP )+ Z(1)X5Z
i FTC(SyNTP)I=FT(8yNTF )+Z( I )%R( I )%GZ
FT(17sNTPI=FT( 17 sNTP )+GZ
FTC18sNTF)=FTC 18y NTP )4R¢ 1)%G2Z
FTC199NTP)=FTC19yNTF )+2¢( 1)XGZ
FT(20sNTP )=FTC 20y NTP )4+Z¢ T )XR¢ I )XGZ

54
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520 IFC(JJLEQ.OR.JIGTNDD) GO TO 540
SINA=O.
COSA=1.,
530 B(JJ~1)=R(JJ-1)4ZX¥( COSAXDZ+SINAKDR)
- GR= ZX *(COSAXNZ+SINAXDR) XTHETA/2.0
FTCLyNTP)=FT( 1y NTF)I4GR | ’
FTC2yNTPFI=FT{ 2o NTF )+R{ J )XGR . '
FTCIsNTPI=FT(IsNTF I+Z( J IXGR
FTCASNTF)I=FT 49 NTP )HZ(J IXR( JIXGR
FTC13sNTFI=FTC13»NTPIH+GR
FTC14sNTF)I=FT( 149 NTF )+R{ J )XGR
FTC1S5yNTPI=FT( 15 NTP )+Z( JIXGR
FTC14yNTP)I=FTC16yNTF)I+Z( J )XRC J KGR
E{ JJ)=R( JJ )-ZX¥{ SINAXDZ-COSAXIR)
GZ= -ZXX( SINAXDZ-COSAXDR) XTHETA/2.0
FT(SsNTP )=FT(SsNTP)I+GZ
FTC(&sNTP)I=FT{ 85 NTP )+R( J )¥GZ
FT(7»NTP)=FT(7sNTF) +Z( J)¥GZ ,
FT(8>NTP)I=FT(8sNTFI+Z( J )XR( JIXGZ !
FTC17sNTF)I=FT( 17 s NTP )+GZ
FTC18sNTP)I=FTC( 18 NTP )+R( J)XGZ
FTC19sNTP)=FTC19yNTP)+Z( J)XGZ
FTC209NTF )=FT( 20y NTP )+Z< J )XR( J )XGZ
540 CONTINUE
1100 FORMAT(" "»12E10.3)
CX % X % X X X ¥ X % ¥ X X ¥ X ¥ X X ¥ ¥ K ¥ X X X XK X X X¥ XX XX ¥X
c ADD SHEAR ROUNDARY CONDITIONS
CX ¥ ¥ % % X % K ¥ X X ¥ ¥ ¥ X ¥ ¥ X ¥ ¥ ¥ ¥ ¥ ¥ X X ¥ X XX X X XX X X
600 IF(NUMSC.ER.0) GO TO 701
[0 640 L=1,NUMSC
I=IS(L)
J=J8{(L)
S8=8SH(L)/6.,
DZ=CZ(I1)-Z(J))IXSS
DIR=(R(J)~-R( I ))%SS
RX=2.%R( I)+RC(J)
ZX=R{I)+2%R(J)
II=3%I-KSHIFT-1
JJI=3%J-KSHIFT-1
IFCIILLE.O.OR.II.GT.ND') GO TO 620
SINA=O,
CosA=1.
610 B(IT-1)=RB(II-1)+RXX( SINAXDZ+COSAXIR)
GR= RX%{ SINAXDZ+COSAXDR ) XTHETA/2.0
FTC1sNTP)I=FT(1sNTF)+GR
FTC2sNTP)=FT( 29 NTF )+R( I )XGR
FT(3sNTP) =FT(3sNTP)+Z( I )XGR
FTC49NTP)=FT(4sNTP)+Z( I )¥R¢ I )XGR
FTC13sNTP)=FT(13sNTP )+GR
FTC14yNTP)=FT(14sNTP )+R( 1 )XGR
FTC1SsNTF)=FTC15,NTP )+Z( I )%GR
FTC169NTP)=FTC 169 NTF)4+ZC I)%R( I )XGKR
BCII)=R( IX)-RX%{ COSAXDZ~SINAXDR)
GZ= -RXX(COSAXDZ-SINAXDR) XTHETA/2.0
FTC(SeNTP I=FT(SyNTP )+GZ
FTCH6sNTP)I=FTC(&6yNTP )+R( I )XCGZ
FTIC7yNTP)I=FT(7 s NTP)+Z( 1 )¥GZ
FT(BsNTP)I=FT(ByNTP I+Z( I J¥R( 1 )¥GZ
FTC17sNTP)I=FTC 17 +NTP )+GZ
FTC18yNTP)I=FT( 18y NTP)+R( I)%GZ




FTC19sNTP)=FTC 195 NTF )42 1)%6Z
FTC209sNTF )=FTC 20 NTF )+Z¢ 1 )XR( 1 )X6Z
T 620 IF(JJ.LE.O.OR.JJ.GT.NII) GO TO %40
SINA=0,
; COSA=1,

630 R(JJ-1)=RB(JJ-1)+ZX¥( SINAXDZ+COSA%IR)
GR= ZXX( SINAXDZ+COSAXUR IXTHETA/2.0
FTC1yNTP)=FT(1yNTP }4GR

S FTC(2yNTF )=FT( 2, NTF )+R( J )¥GR

4 FTC3sNTP)=FT{ 35 NTF )+Z( J )XGR
FTC4sNTP)=FT(4yNTF )+Z¢ J )XR¢ J)XGR
. FTC13»NTP)=FT( 13sNTF )4GR

3 FTC149NTP)=FT( 14, NTP I4RC J IXGR

x FTC1SsNTP)=FTC( 15y NTP )+Z( J )XGR
FTC16sNTP )=FT( 16y NTP )+Z( J IXR( J )XGR
B¢ JJ)=R( JJ )-ZX%({ COSAXDZ-SINAXDR)

GZ= -ZX%( COSAXDZ-SINAXIR IXTHETA/2.0

FTC(SyNTP)=FT(5,NTP )+6Z

FTC(&6sNTP )=FT(65NTP )+R( J )XGZ

FT(7sNTP)=FT(7 s NTP )+2( J )XGZ

FT(ByNTP)=FT(8sNTP )+Z( J )XR( J )¥GZ

3 FTC17 sNTP)=FTC 17 yNTP M4GZ
K FTC18sNTP )=FTC 189 NTP )+R( J )XGZ
ik FTC19sNTP)=FT( 19, NTP }4Z( J)XGZ
FTC(20sNTP )=FTC 20y NTP }4Z( J )XR¢ J )%¥GZ
640 CONTINUE
Y 701 IF(NUMST.EQ.0) GO TO 700
¢ D0 680 L=1,NUMST
& I=IT(L)
- J=JTC(L)
. RT=ST(L )/6.
‘ RX=2,XR¢ I )+R¢ J)
ZX=R( I 142, ¥R(J)
XX=SART( CRCJI-RC T IKK24C ZCJ)-ZC 1))¥%2)
II=3%I-KSHIFT
JJ=3XJ-KSHIFT
' IF(II.LE.O.OR.II.GT.ND) GO TO 470
b B¢ 11 )=R( II )+RTRRXKXX
GT=RTXRXXXXXTHETA/2.0
: FTC9yNTP)=FTC( 9y NTP )4+GT
n FTC10sNTP)=FTC 10y NTP )+R( I )XGT
| FTC11sNTP)=FTC11sNTP)+ZC 1)XGT
» FTC12,NTP)=FTC 12, NTP )+Z( I )XRC I)HXGT

e i

FTC219oNTPI=FTC219NTP I4GT
FT(22sNTP)=FT(225NTP )+R( I )XGT
- FTC239sNTPI)=FTC(23sNTP )+Z( 1 )XGT
FT(24yNTP)I=FT(24sNTP)+Z( I )XR( I )XGT
. 670 IF(JJ.LE.O0.OR.JJ.GT.ND) GO TO 680
: B¢ JJ)=B( JJI+RTRKZX)XX
T GCT=RTXZX¥XXXTHETA/2.0
' FT(?29NTP)=FTC(P?sNTP I+GT
FTC1OsNTP)I=FTC 10 NTP )+R{ J)XGT
' © FTC11oNTP)=FTC(11sNTPI+Z( JIXGT
j FTC12,NTP)=FTC12sNTP )+Z( JIXR( J)XGCT
FTC21oNTPI=FTC21yNTP 4GT
FTC(22sNTP)=FTC(22sNTP J4+R( J)XGCT
FTC23yNTP)I=FTC(23yNTF )+Z( J )XGT
FTC 24y NTP)I=FT( 24 yNTP )+Z( J )XR( J)XGT

680 CONTINUE
CE. X X % % % % % X% % % % X X ¥ X X ¥ X X ¥ X ¥ ¥ ¥ ¥ X X ¥ X ¥ ¥ X X X &
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¥

700

720

730
740

751

750

ADD DISPLACEMENT BOUNDARY CONDITIONS

ChoK % X % % % X ¥ X % % X ¥ ¥ X ¥ K ¥ ¥ ¥ ¥ ¥ ¥ K X ¥ kX XX X ¥ ¥ XX

00 750 M=NLsNH

TiM=0

IF{M.GT.NUMNP) GO TO 750
IF(CODE(M).GT.3) GO TO 751
U=XR{M)

N=3%M-2-RSHIFT

2 IF(COREC(H)) 74057502710

IF(CORECM).EQ.1) GO TO 720
IF (CODE(M).EQ.2) GO TO 740
IF(CODECM)EQ.3) GO TO 730
GO TO 740

CALL MODIFY(NDZ2,N»U)

CODEC M )=CORECM)I+IDM

GO TO 750 .

CALL MODIFY(ND2sN,U)

U=XZ{( M)

N=N+1

CALL MODIFY(ND2sN,U)

CODEC M )=CODE(M)+IDIM

60 TO 730

IDM=IDM+4

U=XT(HM)

N=3XM-KSHIFT

CALL MODIFY(ND2,N,U)
U=XR( M)

N=3%M-2-KSHIFT
IF(CODECM).EQ.4) GO TO 730
CODE(M)=CODE(M)-4

GO TO 792

CONTINUE

CX X X X X ¥ X X X X X X ¥ % %X ¥ % ¥ ¥ X ¥ X ¥ ¥ X X ¥ ¥ ¥ ¥ X X ¥ X ¥ X

c

WRITE RLOCK OF EQUATIONS ON FORTRAN UNIT AND SHIFT UFP LOWER BLOCK

CX X X X X X X X % X ¥ % ¥ %X %X ¥ % X ¥ % ¥ ¥ X ¥ X X ¥ ¥ X ¥ X X X X X X

800

WRITE (2) (B(N)s{A(NsyM)yM=1sMBAND)sN=1sNI1)
[0 800 N=1,ND

K=N+ND

BN )=B(K)

B(K)=0.00

DO 800 M=1,ND

AN MI=A(KIM)

ACK»M¥)=0.00

CX % % X X % & X X X X X X % %k X X X XK XK %k X % Kk %k %k ¥ k¥ ¥ X% X x ¥ & ¥

c

CHECK FOR LAST BLOCK

Ck X X % % %X % X X X X X X X X ¥ ¥ ¥ ¥ X ¥ X X X ¥ x ¥ X ¥ ¥¢& X g X x X

2000
2001

IFCNM.LT.NUMNP) GO TO 200

IF(STOP.NE.O.) STOP

FORMAT (27H NEGATIVE AREA ELEMENT NO.,I4)

FORMAT (46H BAND WIDTH EXCEEDS ALLOWABLE FOR ELEMENT NO.»I4)
RETURN

END

SUBROUTINE STORE

INTEGER CODE

COMMON/ANS4/ FT(24+4)GTS1U(24),CTS1UT(24,4)
COMMON/NXDATA/NTPsNTS/NTOTSsGTS16( 24+24,8)
COMMON/NXMESH/THETAN(8)» NPC( 8+8)

COMMON/NPLATA/R(10 )y CODEC10 )eXR(10 )yZ(10 )#XZ(10 )y
INPNUMC 45 8)9T(10  )sXT(10 )

COMMON/SOLVE/BC 72)yA( 72536 )y NUMELKy MBAND
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CUMMUNS LLEBSEG/F L0298 ) FLC24583 1 UC{ 2498 )5S0{ 2492098 )
COMMON/BASIC/ACELZ y ANGVEL s ARGACC s TREF o VUL sHUT I s v S0 L s HURFC o BUNS Oy
INUMST
COMMON/ANS2/L WL 24 )y R1(C 2424 )y SRII 2424 ) UMK 24524 )
DIMENSION MW 24)
0 SO I=1,24
ng 59 J=1+24
50 R1{I»J) = 0.9
NS = NTF
N0 110 KK = 144
MFP1 = NFCONS»RK)
NF2 = NPCONSsKR1+4)
Do 110 I= 1,3

R1(C3%(RK-1)+1 1I%4-3 ) = 1.0
RLIC3%(RK-1)+1 yIX4-2 ) = R{NFL1)

R1C 3 KK-1)+1 pI%4-1 ) = Z(NF1)
R1¢C3IX{KK-1)+1 yI1%4 ) = RINPL1) % Z(NF1)
RIC3Xk(RK-1)4I412,1%449 ) = 1,0
RIC3X(RKN-1)+I+12,1%4410) = R(NP2)
RIC3XCKK-1)+I4+12,1%4411) = Z(NP2)

RLICIXCRKK-1)+I+12,I%4412) = RINP2)X Z(NF2)
UCC{ 3X(RK-1)4+IsNS) = B(3I¥NP1-3+1)
UC{3X{RR-1)+I+125NS) = B{3%NP2-3+1)
CONTINUE
CALL MINV(R1,24,D01,LUWyMUW)

WRITEC(25) ((R1(I»J)»J=1,24),1=1,24)
D0 115 I=1,24

FEC(IsNS)=0.,0

FI(I+,NS)=0.0

0 115 J=1,24

FE(IsNS) = FE(TIsNSI+ RICI>IDIKFTCISNTF) .
FICISNS) = FICIsNS) + R1(JI»IIKCTSIUTCJSNTR)
SK1(I»J) = 0.00

10 115 K=1,24

SK1(I»J) = SK1{(IsJ) + RI(KsI) % GTSIG(Ks JsNTF)

CONTINUE :

o 120 I=1,24

D0 120 J=1,24

SK(I»JsNS) =0.90

D0 120 K=1,24

ER(IyJsNS) = SK(IsJsNS) + SK1(IsK) ¥ R1(K»J)

CONTINUE

RETUEN

END

SURROUTINE STRESS

INTEGER COIE
COMMON/VISC/EFSIINC 1251058 )sSIGVF{ 6 )y NEFSR( 651058 ) s LELTIN
COMMON/ANS4/FT( 2454 )»GTS1UC24) H»GTSIUT(24,4)
COMMON/EBASIC/ACELZs ANGVEL s ANGACC » TREF » VOL s NUMNF » NUNEL s KUMPCy NUMSCy

INUMST

COMMON/MATP/RO( S )2EC 1291814 )9EEC( 16 11AOFTS(4)

COMMON/NFDATA/R(10  )yCODEC1C )sXR(10 )yZ(10 )»XZ(10 )y

INPNUM( 4, 8)T(10 )»XT(10 )

COMMON/ELDATA/BETA(1Q  )sEPR(10 D)sPRC4 )SH( 4 DyIX(8 135 )

1IPC4  )sJP(4 )y IS(4  )9eJdS(4  )rALFHACLI0 ) ITC(4  )ydT(4 )y

28T(4 )
COMMON/ARG/RRR(S)sZZZ(G)sRR(C4)9ZZ( 4 )2 SC13915) P15 ) TT( 6 )y

1H( 6515)sCRZ( 696 )y XI( 10 )7 ANGLE( 4 )»SIG( 18)EFS(18)sN
COMMON/NONAXT/S1(30530)sFP1{30)s THETA»ES1( 6+30)
COMMON/NXTIATA/NTP s NTSsNTOTS»GTS1G( 2452458 )

S ) .
“—-{"..r.;.\g:‘l .
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COMMON/NXMESH/THETAN( By NFC(858)
. COMMON/ARGL/51G1(18)EFS1(18)»EPSFL2 )y CEPSFC 618 )
COMMON/SOLVE/RBC 72)sA0 72536 )y NUMBLKyNBAND
' COMMON/CONVRG/IDONE
. COMMON/RATE/DKFRySIGPRY BURYEVR,PSRATEC 10+8) ¢ NRATE
COMMON/PLANE/NFPP
COMMON/RESULT/BS(Av15)s (69619 C( 818 )rARYRE( S5 P )sCNE( 84 6)
DIMENSION LM(4)yTP(6)»TR(3+3)sQ(3)
DIMENSION QQ(3)
COMMON/DUML/SITEM( 3530)sGTS1( 24924 )9 TE5(6524)
DIMENSION P11(24)
Cx X X ¥ %k X X ¥ X ¥ X ¥ ¥ ¥ X ¥ ¥ ¥ X X ¥ X ¥ ¥ ¥ ¥ XXXk EXX XX ¥ X X
c INITIALIZE
Ck X X X X % X ¥ %X X X ¥k X ¥ ¥ X X ¥ Xk X X XK¥Xxx& X ¥ X% ¥¥x X% XX
REWIND 3 .
XKE=0,
XPE=0,
MPRINT=0
ERROR=.,005
IDONE=1
NRATE=0
[0 200 N=1sNUMEL
IX(N»S)=IABSC(IX(N»D))
CALL QUAD
MTYPE=IARS{IX(N+yS3))
N0 100 I=1,4

II=3%1

JJ=3XKIX(N,I)
PIC(II-2) = B(JJ-2)
P1(II-1) = B(JJ-1)
PICITI ) = B(JJ )
P1(II+10) = B(JJ-2)
P1{II+11) = B(JJ-1)
PI{II+12) = B(JJ)

PCII-2)=RB(JJ~-2)
PCII-1)=RB{(JJ~1)
100 PCITY =B(JJ)
REAX 3 X (GTS1(I»J)rJ=1+24)y1I=1+24)
DO 115 I=1,24
GTSIU(I)=0.0
[0 115 J=1,24
115 GTSIWI) = GTSIU(IN+ GTSI(I»J)IXP1(J)
00 116 I=1,24
116 GTSIUTCISNTPI=GTSIUTCIPNTF) + GTSIWI)
o 110 I1=1,3
110 A IN=P{I+12)
0 120 1=1,3
DO 120 J=1,3
120 TRCI»J)=S(I+12,J+12)
CALL SYMINV(TR»3)
DO 125 J=1,3
QQ¢J)=0,00
[0 125 K=1,12
QQAC J )=00¢ JH)+S( J+12,K)IKP(K)
125 CONTINUE
[0 130 I=1,3
PCI$12)=0.00
0 130 J=1,3
130 FCTI+12)=PCI4+12)4TR(I»JIXCQ(J)-QOCJ))
900 CONTINUE

59
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B S,

B A W

100

200

210

300

RETURN

END

SURROUTINE SYMINUS AyNMAX)

DIMENSION A(NMAXsNMAX)

DO 300 N=1sNMAX

R=A(NsN)

RO 100 J=1yNMAX

A{Ny»J)I=-A(N»J /It

N0 210 I=1sNMAX

IF(N.EQ.I) GO TO 210

DO 200 J=1sNMAX

IFCNJNELJ) A(T»Jd)=ACT,J)+A( T sNIKA(NYJ)
CONTINUE

A{I+N)=A(TIIN)/D

A(NsN)I=1,00/D

KRETURN

END

SURROUTINE TEMP(RYZ»T)
COMMON/SOLVE/X( 889),Y(888), TEM( 888 )»NUMTC» MBAND
DIMENSION SMALL(20),ISM(20)

CE X X X X X X X K K X X % X %X X ¥ X % X X ¥ %X X% % X X ¥X&% X% xxX

c

INITIALIZE

CEX & X % % X X% X % ¥ X ¥ X X ¥ ¥ X X X ¥ ¥ X X x ¥ X ¥k X X¥X¥ X ¥ ¥ ¥ X

c

J=1

JMAX=16

IFCNUMTC.LT . JMAX ) JMAX=NUMTC
0 10 I=1,JMAX

SMALL(I)=0.

10 ISM(I)=0
CE X X X% % %X X %X X ¥ % ¥ X ¥ X ¥ %X X ¥ ¥ ¥ %X X % ¥ X ¥ ¥ X X XX *x %X ¥ X

FIND THE JMAX CLOSEST POINTS

CE X X X X X X X X X X X X %X X X X % X ¥ £ X X ¥x¥X X% X ¥¥&x ¥ X ¥ X

Ck X %X % X % %X %X X ¥ X %X X ¥ X X X ¥ ¥ X X X %X % X
c FIND THE THIRD TEMPERATURE POINT RY AREA TEST
CE X X X X X X X X X X X XX X X %X %Xx %% XXX

30

DO SO0 I=1,NUMTC

DSA=( X{ I )-RIkK2+( V(I )~Z )%¥%X2
IF(DSQ.GT..1E-4) GO TO 20
T=TEM(I)

RETURN

IF(I.EQ.,1) SMALL(1)=DSQA
IF(I.EQ.1) ISM(1)=1

IF(I.EQ.1) GO TO S0
IF(SMALLCJ).LE.DSQ.AND.J.LT.JMAX) SHALL(J+1)=DSA
IF(SMALLCJ)LE.DSQ.ANDJ. LT JMAX) ISM(J+1)=I
IF(SMALLCJ)LE.DIISQ) GO TO 40

DO 30 K=1yJ

JR=J-K +1

IF(JB.EQ.0) GO TO 40
SMALL( JB+1 )=SMALL(JE)
ISM(JB+1)=ISM(JB)

SMALL( JB)=D50Q

ISM( JB)=1

IF(JB.EQ.1) GO TO 40
IF(SMALL(JB-1).,LE.DISQ) GO TD 40
CONTINUE

40 IFCJ.LT.JIMAX) J=J+1
90 CONTINUE

JCHK=JIMAX-2
J=0

60

S kb

Xk XX XXX X% ¥ ¥
X X X XXX XX X X%
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MATRIX P NOW CONTAINS 15 DISFLACEMENTS FUOR QUADRILATERAL ELEMENT
CALCULATE AVERAGE STRAINS

QCoOon

[0 140 I=1s6
EFS(I1)=0,00
N0 140 J=1+15

140  EFS{I)=EFSCT MBS IsJ )XF(J)

c CALCULATE AVERAGE STRESSES

O 151 I=1+6
; SIGC I)=EFSDNC IsNsNTP)
[0 151 J=1s6
151 SIG(I)=SIG( I)4CRZ(TIyJIXEPS(J)
3 [0 152 I=1s6
. 152 SIG(I)=SIG(I)-TT(I)

CALCULATE SfRAINS IN N-S-T COORDINATES

[y R Ry

DO 130 I=1+6
EPS(1+6)=0.00
N 150 J=1,6

§ D0 150 K=1+6
150  EFS(I+6)=EPS( I+6)4DC 19 )XCL J 2K IXEPS(K)
2 c :
4 c CALCULATE STRESSES IN N-S-T COORDIATES
. c

D0 160 I=1+6
, SIG(T+6 )I=EPSDN( 1461 NsNTP ) '
D0 160 J=1s6
160  SIG(I+6)=SIG( T+ )4CNSC I+ J IXKEPS(JI+6)
D0 161 M=1,6
= P(M)=0.00
| [0 161 II=1,3
IFCAOFTSCMTYPE ), EQ.1, ) PCM)I=CNS(Ms 77 IXEECTIH9)
161 PCM)I=PC M )4HC TON )~TREF JXCNSCMs TT XEEC II+9)
D0 162 I=1s6 |
162 SIG(I+6)=SIG(T+4)-P(1)

- A

—
ors o o T

0 300 I=1,12
300 EFPS(I)=100.0%XEFS(1)
v IF{MPRINT.NE.O) GO TO 210
“f WRITE(H6+2000)
.E WRITEC69,2002)
o MPRINT=19
b 210 MPRINT=MPRINT-1
WRITEC( 692001 ) NyRRR(S)sZZZ(S)s(SIG{I)vI=1412)
WRITEC 692003) TI(NI»(EPS(I)rI=1,12)
200 CONTINUE
' 2000 FORMAT( 12941 EL R Z SIGHAR SIGMALZ SIGMAC SIGHa
. 1IRZ SIGMAZC SIGHACR SIGMAN SIGHMAS SIGHMAT SIGHANS SIGHMAST
' 2 SIGMATN)
3 2001 FORMATCLIHO»IS»1X»2F7,4912F9,.0)

2002 FORMAT(128HO TEMPERATURE EPSR EFSZ EPSC EFSR
1Z EPSZC EFSCR EFSN EFSS EPST EFSNS EPSST
2 EPSTN)

2003 FORMAT(6XsF13,092X912F9.5)




T S S

I1=1ISM{ 1) . . ,
I2=1S8i 2)

60 I3=ISM{.1+3)
AREA=.50$(YﬁIl)#X(IS)*Y(IB)*X(II)%Y(IK)*X(IQ)-Y(IZ)#X(IS)+

-

® 1 YCIZ2AX(T1)-VOILIXRX(I2
ON1=¢X{I2)-XCI1 IR Y(I2)~ \’11 IEXZ .
c IF 1 IS APPROXIMATELY O. IT IS ASSUMED THAT. THERE EXISTS A
c RUFLICATION OF INPUT :
IFCH1.GT..3E-3) GO TO 7¢
I12=13
J=J+1
GO TO 40
70 IF{AREAX¥2.6T, . 1%L1%SHALL(1)) GO TO 80
J=J041

IF¢(J.LT..JCHK) GO TO &0
WRITE(452000) 115125139

it e mmem 4 4 e oo e e o =

T=TEM( I1)
RETURN 4
CX % X X X X X % X ¥ ¥ X % X XK X % X X % % ¥ X ¥ & X ¥ X ¥ % % ¥ X X % %
c FIND TEMPERATURE INTERCEFT

Ck % X X% % % ¥ %X ¥ X ¥ X %X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ X ¥ ¥ x X :
80 DETA=Y(IL1 )R TEMC I3 )-TEMCI2))+Y(I2)K TEMC( I1)-TEM(I3))

1 +YCIZOX( TEM(IZ2)-TEM(TIL))
DETE=X¢ I1 )X( TEMCI2)-TEM( I3 +X(I2)0%{ TEMC IZ)-TEM(I1))
1 XCI3XCTEM(IL )-TEM(I2))

DETC=TEM( T1)¥(XCI2)%YC I3 )-XCI3)kY(I2) MHTENC T2IKCXCIZIXRYC(I1 )-X(11)% ;
IYCIZ)MHTEMCIZ IR XCTIIRY(I2)-X(I2)%Y(II))
T=(DETAXR+DETRXZ+DETC )/ ( 2. ¥AREA)

2000 FORMAT (284 ERROR IN TEMPERATURE INPUT»SH I1=I4,GH 1I2=14,
15H I3=I4,4H J=I14)

RETURN *

END

SUBROUTINE TEM2( NUMNP)

INTEGER CODE
COMMON/NPDATA/R( 10 )yCORE(10 )sXR(10 )IZC10 )y XZ(10 )y
INPNUMC 4y 8)»T(10 )y XTC10 ) .

READ{ 551000) TCONST
[0 100 N=1,NUMNP

100 T(N)=TCONST
1000 FORMAT(F10.0)

RETURN

END
SURROUTINE TRISTF (IIsJJsKK)

INTEGER CODRE '
COMMON/VISC/EFSDN( 125108 )sSIGVF( 6 )sDEFSR(6510s8)sDELTIN

COMMON/PLAS/ALFA( Sy 458 ) SIGYLIK75658)yIFGPLE 458

COMMON/NXDATA/NTPsNTSyNTOTS,GTS1G( 24, 24,8)

COMMON/MATF/RO( 6 )E(12516+6)EE(15)sACFTS(6)

COHMDN/BASIC/ACELZvANGUELvﬁNGACC TREF s VOLSNUMNP s NUMEL » NUMP T » NUMSC
INUMST
COMMON/ARG/RRR(S )9 ZZZ(S)sRR(4)+ZZ(4)98(15+15)y F(15 1 TTC &)y
1H{ 6915)sCRZ( 696 )9 XTI 10 )9 ANGLE( 4),SIG( 18 )EFS5(18)sN

COMMON/NPDATA/R( 10 )yCODEC10 ) XR(10 )»Z2(10 )eXZ(10 )y
INPNUMC 4, 8)eT(10 )eXT(10 )

COMMON/ELDATA/BETAL 10 ),EPR({10 ) PR(4 )»S8H{(4 )yIX(8 15 )
1IPC4 ) JP(4 )y IS(4  )yJS(4  )sALPHACLIO  IT(4  DsdT(4 )
2ST(4 )

COMMON/NONAXI/S1( 30930 )sFP1(30)s THETASES1(4230)

COMMON/RESULT/BS{ 6515 )T 696 )91CC 4616 )sARIRBI&IP I sCNG( 856 )

UIMENSION BlA(6s9 M) EIR( 65y )sR2ACE:9 )y R2RK{ &9 )sBIA(SL+9)» RIK( 6+9)
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X

10

80

81

DIMENSION EI1(&y2 )9y BX &1 2 ) RICEH5P)vF(E372196(D298)29\H9,7)
DIMENSION BFC(3YsRFRC3IIBFZCIDIsTECP I B(Ds2 )y TVUP( D) .
MTYFPE=TIAES{ IX{N»S))
KR(1)=RRR(II)
RR( 2 )=RRR( .JJ)
RR¢ 3 )=RRR(KK)
2Z2¢1)=22Z(11)
Z2Z{2)=222{JJ)
22¢3)=Z22Z{KK)
CALL INTER
VoL=VOL+XI(1)
COMM=RRC2)X(ZZ¢ 3 )-ZZC 1) MERROLIRL ZZ¢( 2)~ZZC 3 MHRR{ 3 IK( ZZ( 1 )-Z2Z(2))
0o 10 I=1:4
no 10 J=1,9
Ri(I+J)=0,00
B2( 1+J)=0.00
B3(I5J)=0,00 :
FILL Bt MATRIX-CONSTANT TERMS
B1{1y1)=(2Z¢(2)-22(3 ) )/COMN
R1(1+4)=(ZZ(3)-2Z(1))/COMNM
B1C 197 )= 22C¢1)-22( 2))/CONM
Ri{(3»1)=R1(1+1)
BE1{3+4)=B1(1+4)
B1(3s7 )=R1(1+7)
B1{(2y2)=(RR( 3 )-RR( 2) )/COMM
B1(2+5)=(RR( 1)-RR( 3 ) )/COMM
B1¢{2,8)=(RR(2)-RR(1 ) )/COMM
E1( 4,1 )=B1(2,2)
R1{ 4,4 )=H1(2+95)
R1( 4,7 )=R1(2,8)
B1(4,2)=Fk1(1,1)
Bi(4,5)=R1(1,4)
R1{4,8)=R1(1,57)
EB1{S+s3)=R1(4,1)
B1(5»8)=R1(4,4)
R1{ 5,9 )=B1(4,7)
FILL B2 MATRIX-1/R TERMS
B2( 391 )=(1/COMMIX(C(ZZ( 3 )-2Z({ 2 ) IXRR( 2 )H+{ RR( 2)-RR( 3 ) )X%2Z{ 2))
E2¢ 34 )=C L /7COMM X (Z2¢ 1 )~ZZ{ 3 ) YKRR( 3 )-( RR{ 1 }~RR{( 3 ) }%ZZ(3))
B2( 357 )=( 1/COMM )¥(( ZZ( 2)~ZZ( 1) XRR{ 1 IH(RR(1)~-RR( 2))%ZZ( 1))
B2( 693 )=-B2(3+1)
B2( 696 )=—RB2(3+4)
B2{ 497 )==-R2(3,7)
FILL B3 MATRIX-Z/R TERMS
B3( 391 )=(RR({ 3 )-RR( 2 ) )/COMM
B3(3»4 )=(RR(1)-RR({ 3))/COMM
B3( 357 )=(RR( 2)-RR(1))/COMM
B3( 623 )=( RR(2)~RR( 3))/COMM
B3( 626 )=(RR( 3 )-RR(1))/COMNM
B3( 629 )=(RR( 1)-RR( 2))/COMM
AR=AR+XI{1)
Do 80 I=1y4
o 80 J=1,9
BEB(IsJ)=B1(IsJIXXIC1ItR2{ I»JIRXTI{2)¥BI(I+J)XXI(4)
[0 81 K=1+4
g 81 I1=1,3
EBS(Ky3XJJ-3+I )=EB(Ky I+3 )+BS( K9y IXJJI-3+1)
BS(Ky3%II~3+I)=BB(KsI)+RS(Ky3XII1-3+I1)
BS{ Ky IXNK=-3+1 )=BE(Ks I+6 )+BS( Ks IXKK-3+1)
0 220 I=1,6
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L1

RPN

-

S

200

1

230

HU »£20 J=1,9

BlaC Is I )=B1{ Lo I IXXT{ 1 XHB2( Ty 0501

E2ACTy J)=RIC Iy IIAXIL 202 1o J )X

BE3AC I J)=RICIyIIEXTIC4)4B2( Iy J IRXI
CONTINUE

Qg 200 I=1+6

0 200 K=1,9

E1EB(IsK)=0.0

B2R{IsK)=0.0

E3R{IsK)=0.0

RO 200 J=1,6

B1B(IsK)=RI1EB(IyK)Y+CRZ( I JIXRIA(JIHWK)

E2BR( Iy R )=BR2B{ IsK)IH+CRZ{ Ty J )XR2A(JsK)

B3R( IsK)=B3B( IyK)IH+CRZ( I »J IXRIA( J5K)

CONTINUE

DO 230 I=1,9

DO 230 K=1,9

B(I+K)=0.0

D0 230 J=1+4

BCIsK))=R(IsKIHRI(JI» I IKRIBCIS»RKDI)4FB2( Iy I IXKB2R( Jo K MHR3{ Iy I IXRIR( JsR)
CONTINUE

ASSEMBLE QUADRILATERAL STIFFNESS MATRIXy Sy FROM TRIANGULAR

STIFFNESS MATRIXs B,

IIM=3%11I-3

JJIM=3%JJ~-3

KRKM=3%KK-3

O 120 I=1+3

NO 120 J=1,3

SCIIMFI»IIMEII=RCI  »J  MSCTIIM+ISIIMEJ)

S(IIM+I»JIINHII=SBCI »J+3DXHSCTIIMHI» JIMHT)

S{IIMFIsRKRKM+J)=B(I »J+EIFSCIIM+I s RKRKH4+I) .

SCJIIM+I»IIMEII=RCI+3 s  I4S{IINTIIIN+ET)

SCIIMHI » JIMEI =R T43 5 J43 IS JIMHI o JINET)

SCJIMH+I s KKM+J )=B T4+3» J+6 ) +S{ JIMH+I P KKK+ T)

SCRKM+I»IIMYI )=B(I+69d  IHSCRKKMHAISIINMET)

S(KRKM+I s JJIM+I )=R{ I+6 9 J+3 )+SCRKKM+ Iy JIMET)

SCRKM+I o KKM+JI )=B{ I+69J+6 )+S5( KKM+ I s KRM+J)

CONTINUE

ASSEMBLE BODY FORCES MATRIX

BF(1)=C(ZZ( 3)XRR( 2 )-RR( 3 )KZZ( 2))/COMM

BF(2)=(ZZ{ 1 )XRR( 3)-RR( 1 Y%ZZ( 3))/COMHN

BF(3)=(ZZ¢ 2)XRR( 1 )-RR{ 2)%ZZ( 1) )/COMM

BFR( 1 )=(ZZ(2)~7Z(3))/COMM

BFR(2)=(22(3)~ZZ( 1) )/COMM

BFR(3)=(ZZ¢(1)-22¢(2))/COMM

EBFZ¢1)=(RR{ 3 )~RR(2))/COMM

BFZ(2)=(RR( 1)-RR{ 3))/COMM

BFZ( 3 )=(RR( 2 )-RR( 1) )/COMM

BODY FORCE IN Z-DIRECTION

COMM=—ACELZXRO(MTYPE)

[0 140 1I=1,3

TIK=3%1-1

TPCIIK)=COMMX{ BF( I )XXIC1)+BFR(IIKXI(7 )tRFZ(I)%XXI{(8))

BODY FORCE IN R-DIRECTION

COMM=ANGVELXX2%RO( MTYPE )

DO 150 1=1,3

L=3%1-2

TPCL )=COMMXCBFC I )XXIC7 )+BFR¢ I )XXIC 9 )+BFZ( 1)XXI(10))

RODY FORCES IN TANG. DIRECTION

COMM=—~ANGACCXRO(MTYPE)

TR0 Ly 3EXI(4)
TR3( I3 IRXICS)

(2D
{3)+H
(ORI Iy J )¥XIL6)




4 e St o e
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c

160

1561

1EXTC4IRBI(KS I NIXTT(R)

170

174

180
190

10

.0 161 K=1+6

[0 150 I=1,3

TIM=3%I

TPCIIM)=COMMX( BFC IIXXIC7 )RR IDEXTL)ERFZ(TINXIC10))
Al THERMAL EFFECTS
N0 161 J=1,9

TRCII=TRCIIHOXTCLIRRICRy J)EXTIC20KB2(K J)
REARFRANGE TP INTO P-MATRIXsTHE EODI'Y FORCES MATRIX

K=3%II-2

L=3%JJ-2

M=3%KK-2

D0 170 I=1,3

J=T-1

F1{K+2 ) = P1(R+J MTP(I  IXTHETA/2.0 +TP(I+8)XTHETA/4.0
FICR+J415) = PLOKAJHLIS)HHTP(I  DXTHETA/2.04TP( 1+6 )XTHETA/ 4 40

P1liL4d ) = PI(L4J MTP{I+3)KTHETA/2.04TPC I+6 )XTHETA/4.0
PICLAI+1S) = PLOLHIHIS MTPCI43 )XTHETA/2, 04TF( I+6 )XTHETA/ 4.0
P1{M+d ) = P1OM+d HTP{I+46)XTHETA/2.0

PL(MEJH15) = PLOMEJH15)4TP(I+6 0KTHETA/2,0
PORK+J)=PCRK+d 4TPCI)
PCL4AJ)=PCLEI TP 143)
PCOM+J ISP MES HTPCT46)

IF( IFGPL{NsNTP).EQ.0) GO TO 190

IO 174 1=1,9

TUP(I)=0.0

DO 174 J=1+6 '
TUP( T )=TVPC I )4EB( Js 1 YXEPSDINC JsNsNTF)
CONTINUE

D0 180 I=1,3

J=1-1 y
PCK+J )=PCK+I)-TVUP(T)
PCLHJ)I=PCL+J)-TUPC I43)

PCM4J )=PC M )-TUPC T46)
CONT INUE
RETURN
END
SUBROUTINE XMODFY(UsN)
COMMON/NXSOLV/SK (36 »24)sR1 (132),FTOT(132),N3ZF
NBAND=24
IO 10 M=2,NBAND
K=N-M+1

IF(K.LE.0) 60 TO S
R1CK)=R1¢K)-SK(KsM XU
SK( Ky M)=0,

K=N+4-1

IF(NSZF,LT.K) GO TO 10
R1¢K)=R1(K)-SKC Ny M I%U

SK(N»M)=0,

CONTINUE

SK(Ns1)=1.,

R1CN)=U

RETURN

END

SUBROUTINE XSOLVE

COMMON/NXSOLV/SK (38 »24)sR1 (132)FTOTC132)sNSZF
NEAND=24

DO 300 N=1,NSZF

I=N

[0 290 L=2,NBAND
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I=1+1
IF(SKONSL D)) 24052%05,240
2 240 AC=SKIN,L)/8K(Ny 1)
J=0
DO 270 K=LsNEAND
J=J+1 _
IF(SKONIK)) 2862427052580
260 SK{I,J)=8K{TIsJ)-ACKSRINIK)
270 CONTINUE
280 SK{N»L )=AC

L]

<

R1{ I)=R1{ I )-ACKR1I(N)

) 290 CONTINUE
300 R1(N)I=RI(N)I/SK{N»1)

N=NSZF
350 N=N-1
IF(N) 500,500,340
! 340 L=N
- DO 400 K=2,NRAND
4 L=L+1
- IF(SK(NIK)) 37054005370
F 370 R1I(CN)I=RL(N)I-SK{NsKIXRICL)
; 400 CONTINUE

GO TO 350 |
c _ |
500 RETURN
END |
SUBROUTINE YIELI{ NsNSsMTYPE)
DIMENSION DALFACS)sSIGYR(3) .
COMMON/FLAS/ALFAC s 458 )9SIGYLIN 79618)s IECFLC  4+8)
COMMON/INCR/NOLINC» NOL» INERT s NUNMAT+SIGTOT( 127 4,8)
1,EPSTOTC 12, 4,8)
COMMON/ARG1/SIG1¢ 18 )+EPS1{18),IEFSF{ 12),CEPSPL 416)
C=SIGYLIK 7 s MTYPEsN3)
[0 S0 I=1+6
! 50 ALFA( IsNsNS)=ALFA(TsNsNS YHCKIEFSF( 146)
c WRITE( 651000 NsNS
C1000 FORMAT(" “»" ALFA FOR EL "»I5," SEGHMENT", IS)
| c WRITE( 651100 ) ALFAC TsNsNS)»I=1y8)
f 1100 FORMAT(" "y&4E12.4)
1

{ > D0 100 I=1,6
i 100 SIGL(I)=SIGTOTC T+ NsNSI-ALFAL T/ NG 3
! C GET COMBINATION YIELD STRESSES
| SIGYE(1)=1,/SIGYLIC 1y MTYPE ) NS )XX2-1, /SIGYLIK 25 MTYPE s NS IRX2
j 1 ~1,/SIGYLI( 35 MTYPE + NS )¥X2
{ SIGYE(2)= 1,/SICYLIC 2, MTYPEyNS IX%2-1,/SIGYLIN 1y HTYFE s NG YR42
| 1 -1,/SIGYLD( 3y MTYPE > NS I¥X2
SIGYB(3) = 1,/SIGYLDC 3, MTYPE,NS 3K¥2-1,/SIGYLIC 24 HTYPEINS %42
: 1 ~1,/8IGYLI 1y MTYPE s NS I¥X2
c TEST YIELD CRITERION XXXXXX¥K¥X
TEST=0.0
. DO 200 I=1,6
200 TEST=TEST+SIG1CI)XX2/SIGYLIC I+NTYFE NG IKE2
f TEST=TEST+ SIGYE( 1)XSIG1(2)XSIG1(3) +SIGYR 2)%3IG1¢ 1)%SIG1(3)
1 +SIGYR( 3 )XSIG1( 1)%SIG1¢ 2)
IFGPL( Ny NS )=0
IF (TEST.LE.1.0) GO TO 500
IFGPLC Ny NS )=1
500 RETURN
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet, fold as indicated, staple or tape closed, and place
in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4, Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name:

Telephone Number:

Organization Address:
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